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ALTERED POLYPEPTIDES WITH INCREASED HALF-LIFE 
Background of the Invention 

Field of the Invention 

This invention relates to polypeptides that are mutated to contain a salvage receptor binding epitope. 
Mere particularly, diis invention relates to polypeptides that are cleared through Ae kidney having an qsitope 
from the Fc region of an IgG molecule, resulting in longer circulatory half-life. 
Description of Related Literature 

It was proposed m 1 964 that a qmific receptor exists in Fq>id equilibrium with iht intravascular space 
that protects IgG molecules from degradation. Brambell el al,, UsSSJis, 202: 1352-1355 (1964). See also 
Brambell, TheLanceL 1087-1093 (1965). The kidney has been shown to be the major site of catabolism of 
immunoglobulin fragments, according for approximately 90% of ifaeir endogenous catabolism. Wochner et al. , 
J. Exp. Med.. 126: 207 (1967). The existence of a receptor implies that the Ig molecule has specific sequences, 
or confonnational determinants, that must bind to such a receptor. Since the Fc region of IgG produced by 
proteolysis has the same in vivo half-life as the intact IgG molecule and Fab fragments are rapidly degraded 
(Spiegelberg and Wiegie, J. Exp. Med- 121: 323-338 [1965]; Waldmann and Ghetie. "Catabolism of 
Immunoglobulins," Progress in Immunol.. 1: 1 187-1 191 [Academic Press, New York: 1971]; Spiegelberg, in 
Advances in Irnmunologv, Vol 19, F. J. Dbcon and H.G. Kinkel, eds. [Academic Press, NY: 1974], pp. 259*294; 
and reviewed by Zuckier et a!,, Semin. Nucl. Med.. 12: 166-186 [1989]). it was believed that the relevant 
sequences of mouse IgG^ were in the CH2 or CHS dmuun and that deletion of one or the other domain would 
give rise to rapid degradation. In fact, die CH2 domain fragment of human IgG produced by trypsin digestion 
of the Fc fragment persisted in the circulation of rabbits for as long as the Fc fragmmt or IgG molecule; in 
contrast, the CH3 doroam (pFc*) fragment of human IgG also produced by trypsin digestion of tiie Fc fragment 
was rapidly eliminated, indicating that the catabolic site of IgG is located in the CH2 domain. Ellerson & ai., 
h Immunol,, li6: 510 (1976); Yasmeen et ol,, J. Imnmnol.. H^: 518 (1976). Odier studies have shown diat 
sequences in the CIO dcmiain are important in determining the different intravascular half-lives of IgG^bT and 
IgGj^h antibodies in the mouse. Pollock et a/., Eur. J. immunoK. 2tt: 2021-2027 (1 990). 

The catabolic rates of IgG variants that do not bmd the high-affmity Fc receptor FcRl or Clq are 
indistinguishable from the rate of clearance of the parent wild-type antibody, indicating that the catabolic site 
is distinct from the sites involved in FcRI or Clq binding. Wawrzynczak er^., Molec. Immunol.. 2S: 221 
(1992). Also, removal of carbohydrate residues from the IgG molecule or Fc fragment has either a minor role 
in or no effect on the in vivo half-life, and the extent of this effect depends on the isotype of the IgG molecule. 
Nose and Wigzcll, Proc.Natl. Acad. Sci. USA. JQ: 6632 (1983); Tao and Morrison, J. lmmunQl.J43 : 2595 
(1989); Wawrzynczak etaL, Mol. Immunol . 22: 213 (1992). 

Staphylococcal protein A-IgG complexes were found to clear more rapidly from the serum than 
uncomplcxed IgG molecules. Dima er a/., Eur. J. Immunol., 12: 605 (1983). To determine if residues near the 
Fc-SpA interface are involved in IgG clearance, Kim et oL, Eur. J Immunol 24: 542-548 (1 994) performed site- 
directed mutagenesis to change amino acid residues of a recombinant Fc-hinge fragment derived frt>m the murine 
immunog]d)ulinGl molecule and determine die ffects fthese mutations on the pharmac kinetics of the Fc- 
hinge fragment The authors showed that the site of the IgG 1 m lecule that contrcb the catabolic rate (the 
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"catabolic she'O is located at the CH2-CH3 dcmiain interfiice and overii^is with the Su^hyiococca! protein A 
binding she. See also WO 93/22332 published November 11,1993. The concentraticHi catabotism phenomenon 
is also studied m Zudder ef al„ QsDSSL ll- 794-799 (1994). IgG catabolism is also discussed by Masson^ L 
AutoiTnimmitv. ft; 683-689 (1993). 
5 WO 94/04689 discloses a protem with a cytotoxic domain, a ligand-bindmg domain and a peptide 

linking these two domams comprising an IgG constant region domain having the property of increasing ^e half- 
life of the protein m mammalian senon. 

A stereo drswizig of a human Fc fragment and its complex widi fragment B of Protein A from 
Staphylococcus aureus is provided by Deisenhofer, BiQchemistry. 2fl: 2364 (1981). 
10 It has been shown that clearance is greatly reduced the effective molecular size exceeds 70 kDa, 

the glomerular filtration cutoff size. Knauf ef aL. "Relation^ip of Effective Molecular Size to Systemic 
Clearance in Rats of Recombinant Imerleukin-2 Chemically Modified with Water-soluble Polymers/' L 
Bifi£hfinL>2fi2: 15064-15070(1988). 

SmnmgTYgfthc InvCTtimi 

15 Accordingly, m one embodiment the invention provides a polypeptide variant of a polypeptide of 

interest which polypeptide of inters is cleared from the kidney and does not contain a Fc region of an IgG, 
which variant comprises a sahnge receptCH- binding epitope of an Fc region of an IgG. and which variant has a 
longer in vrvo half-life than the polypeptide of interest 

In another aspect, the inventi<m provides nucleic acid encoding the polypeptide variant, a replicable 

20 vector comprismg the nucleic acid, a host cell comprising the nucleic acid, and a method for producing a 
polypeptide variant comprising culturing the host cells in cuhure medium and recovering the polypeptide variant 
from the host cell culture. The nucleic acid molecule may be labeled or unlabeled with a detectable moiety. 

hi a further aspect, tit inventim su|^lies a polypeptkie that is not an Fc, which polypeptide comprises 
one or more of die sequences (5' to 3'): HQNLSDGK (SEQ ID NO: 1), HQNISDGK (SEQ ID NO: 2), or 

25 VISSHLGQ (SEQ ID NO: 3 1 ), and i^ich polypeptide also comprises the sequence: PKNSSMISNTP (SEQ ID 
NO: 3). 

In a still furdier aspect, the invention imovides a method far preparing a polypeptide variant comprising 
altering a polypeptide of interest that is cleared from the kidney and does not contain an Fc region of an IgG so 
that it comprises a savage receptor binding epitope of an Fc region of an IgG and has an increased in vivo half- 
30 life. 

b a stiU additional embodiment, the invention supplies a method for preparing a polypeptide variant 
having an increased in vivo half-life comprising: 

( I ) identifying the sequence and conformation of a salvage receptor binding epitope on an Fc region 
of an IgG molecule; 

35 (2) ahering the sequence of a polypeptide of interest that k cleared from the kkhiey and does not contain 

an Fc region to include the sequence and conformation of the identified binding epitope; 

* (3) testing the ahered polypeptide of step (2) for longer in vivo half-life than that of the polypeptide of 
interest; and 
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(4) if the polypeptide does not hav a longer in vivo half-life, fur&er altering the sequence of the 
polypeptide f interest to include the sequence and confonnatkxi of the identified binding epitope and testing 
for longer in vivo half-life until longer in vivo half-life is obtained 

In a still fimher aspect, the mvention provides a mediod for treating an LFA-1 -mediated disorder 
5 comprising administering to a Runmnal, preferably a patient^ in need of such treatment an effective amount of 
the variant set fcalh above wherein the polypeptide is a Fab, a (¥db% a diabody , a Fv fragment, a single-chain 
Fvfiagmem, or a receptor and acts as an LFA-1 antagontsL More preferably, this variant is a Fab or (Fab*)2 of 
anti-LFA- 1 [such as an anti-CDl 8 Fab or (Fab')}], widi increased serum half-life as set forth herein. 

In another embodiment, the invention provides a mediod for detecting CDl la or CDl 8 in vitro or in 
1 0 vivo comprising omtacting the anti-CD 1 la or CD! 8 antibody fiagment variant herein with a sample, especially 
a serum sample, suspected of containing the CDl la or CDl 8 and detecting if binding has occurred. 

The Fc regicm is to be located (transplanted) to a region of ihe polypeptide of interest that will not alter 
its conformation so diat it loses biologcial activity and is to be located so diat it will not interfere with the 
polypeptide's ability to bind widi a ligand or antigen to maintam biological activity. 
15 Brief Description of the Drawinys 

Figures 1 A and 16 depict the serum pharmacokinetics of five Fab or (Fab*)2 constructs in mice after 
smgle intravenous doses of 2 mg/kg. In Hgure lA, die Fab vlB variant is designated by solid squares, the Fab 
control is indicated by solid diamonds, the Fab v2 variant is indicated by solid triangles, the Fab vl variant is 
indicated by solid circles, and the double-disulfide f(ib% is indicated by open circles. In Figure 1 B, die Fab 
20 control is designated as solid triangles, the variant Fab v2 is designated by open circles; the variant Fab vl is 
designated by open squares; die variant Fab vlB is designated by solid circles; and die doubie-disulfide F(ab')2 
is designated by solid squares. The molecules are more fully described in the tables herein. 

Figure 2 depicts an alignment of the relevant portions of the consensus amino acid sequences of the 
human IgGI CHI domain (SEQ ID NO: 4), die human IgG2 CHI domain (SEQ ID NO: 5), the human lgG3 
25 CHI domain (SEQ ID NO: 6). die human IgG4 CHI domain (SEQ ID NO: 7), die human kappa CL domain 
(SEQ ID NO: 8), and die human lambda CL domain (SEQ ID NO: 9). in alignment with die Fab vlb variant 
derived from anti-CD18 antibody (SEQ ID NO: 10), which is described in Example I. In diis figure, amino acid 
residues and/or positions of interest and of most importance to the invention widiin the sequence of Fab vl b 
SEQ ID NOS: 3 and 1 ) are designated by underiinmg and asterisks, respectively. 
30 Detailed Description of die Prgfemed Embodiments 

Pfifinitions 

As used herein, polypeptide of interest** refers to a polypeptide diat has a biotogical activity, is cleared 
from die kidn^, and does not contain a Fc region of an IgG. An Tc region of an IgG** refers to die Fc portion 
of an immunoglobulin of the isotype IgG, as is well known to those skilled in the art of antibody technology. 
3 5 Examples of such polypeptides are peptides and proteins, whedier from eukaryotic sources such as, eg. , yeast, 
avians^ plants, insects, or mammals, or from bacterial sources such as, e.g. , £. co!i. The polypeptide of interest 
may be isolated from natural sources or made syndietically or recombmantly. In a preferred embodiment, the 
polypqnide of interest contains an Ig domain or Ig-like domain, e.g.. an antigen-bindmg domain. 
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Oetnnceofpolypqjtides of interest from tliekid^ Iccular weight 

of the polypeptide. Polypeptides oftoo large a molecular weiglnwHl not clear tiiekk^ fa mammal. One 
example of a test to determine whether the polypqttide of interest (or variant) clears tfie kidney s a clinical study 
wherein the polypeptide f interest «' variant is labeled with a detectable inarker and administered t thesame 
5 type ofmanunal that wiU be treated, using a treatmemreginientiie same as woukl be used in tl^ 

Thereafter, a clmical sample of the urine of the mammal is taken and analyzed to determine if the label is 
detected therein. If the label is detected, the polypeptide of interest or variant has cleared the kidneys. 

As a general rtile; polypeptides dearing the kidnQT have a molecular weight in the nmge of ab^ 
10,000 daltons, ahhough molecules with somewhat higher or lower molecular weights may also meet the criteria 

10 of this invention if they can pass the renal clearance test noted above. 

The polypeptide of interest is biologically active if it has an m vivo effector or antigenic funaion or 
activity that is directly or indtrealy caused or performed by the polypeptide (whether in its native or denatured 
Gooformation) or a fragment thereof. EfTector functions inchide receptor btndii^ and any carrier binding activity, 
agonism or antagonism of the polypeptide of interest, especially transduction of a proliferative signal including 

1 5 replication, DNA regulatory function, modulation of ±e biological activity of various growth factors, receptor 
activation, deactivation, up- or down-regulation, ceil growth or diffierentiaticm, and the like. Biological activity 
includes possession of an epitope or antigenic site that is capable of cross-reacting with antibodies raised against 
the polypeptide of interest or mammalian equivalents thereof. 

Examples of mammalian polypeptides of interest inchide molecules such as, e^., r^in, a growth 

20 hormone, including human growth hormone; bovine growth hormone; growth hormone releasing factor; 
parathyroid hormone; thyroid stimulating hormone; lipoproteins; a I -antitrypsin; insulin A-chain; insulin B-chatn: 
iminsulin: thrombopoietin; follicle stimulating honnone; calcitonin; hiteinizmg hormone; glucagon: clotting 
factors such as foctor VIIIC, factor DC, tissue fector, and von Willebrands factor: anti-clotting factors such as 
Arotein C; atrial naturietic &ctor; lung surftccant; a plasminogen activator, such as urokinase or human urine or 

25 tissue-type plasminogen activate (t-PA); bombesin; thrombin; hemopoietic growth factor, tumor necrosis factor- 
alpha.and -beta: enkephalinase: a senmi albumin such as human serum albumin; mullerian-inhibiting substance: 
relaxin A-chain: relaxin B-chain; prorelaxin; mouse gonadotroptn-associated peptide: a microbial protein, such 
as beta-lactamase; DNase; inhibin; activin; vascuUn- endothelial growtii fictar (VEGF); receptors for hormones 
or growth factors: integrin; protein A or D: rheumatoid &ctors; a neurotrophic factor such as brain-derived 

3 0 ncurotn^ic factor (BDNF), neuroirophin-3, -4s -5, or -6 (NT-3, NT-4, NT-S, or KM), or a nerve growth factor 
such as NGF-p: cardiotrophins (cardiac hypertrophy factor) such as cardiotrophin-1 (CT-1); platelet-derived 
growth factor (PDGF); fibroblast growth fector such as aFGF and bFGF; epidermal growth factor (EGF); 
transforming growth factor (TGF) such as TGF-alpha and TGF-bcta, including TGF-pl, TGF-p2. TGF-P3, 
TGF-P4, or TGF-p5; insulin-like growth factor-I and -11 (IGF-J and IGF-II); dcs(l-3)-IGF-I (brain IGF-I). 

3 5 insulm-likc growdi &ctor binding proteins; CD proteins such as CD-3, CD-4, CD-S, and CD-19; erythropoietin; 
osteoinducth^ ^Ktors; immunotoxins; a bone morphogenetic protein (BMP); an interferon such as interfcron- 
alpha, -beta, and -gamma; colony stimulating fectors (CSFs), eg. , M-CSF, GM-CSF, and G-CSF; interieukins 
(ILsX eg^- IL-l to IL-10; an ami-HER-2 antibody without a native Fc region of an IgG; superoxide dismutasc; 
T-cell recept rs: surface membrane proteins; decay accelerating factor; viral antigen such as, for example, a 
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portion of the AIDS envelope; tran^xvt protems; lunning receptors; addressins; regulatory proteins: antibodies 
widiout a native Fc region of an IgG; and fragmaits of any of the above-listed polypeptides. 

The prefiared polypeptides of interest are mammalian polypeptides. Examples of such mammalian 
polypeptides inchide antibody fiagmems such as Fv, Fab, (Fab*)}, and an anti-HER-2 fragment wtdiout the IgGFc 
5 domain, t-PA, gpl20, DNase, IGF-L IGF-II, brain IGF*1, growth hormone, reiaxin chains, growth hoiroone 
releasing fiutor, msuiin chains or pro-insulin, urokinase, immunotoxins, neurotrophins, and antigens. More 
preferably, the polypeptide is a Fab, a a diabody, a Fv fragment, a single-chain Fv fragment, or a 
receptor. Even more preferably, the polypq)dde is an anti-lgE, anti-HER2, or anti-CDl 8 Fab or (Fab*)}, and 
most preferably is human or humanized. 

10 As used herein, "polypeptide variant" refers to an amino acid sequence variant of the polypeptide of 

interest, inchiding variants wiA one or more amino add substitutions, insertions, and/or deletions. Sudi variants 
are biologically active as defined above and necessarily have less than 100% sequence identity with the 
polypepide of interest. In a pre fene d embodiment, the biologically active polypeptide variant has an amino acid 
sequence sharing at least about 70% amino acid sequence identity with the polypeptide of interest, preferably 

15 at least about 75%. more preferably at least about S0%. still more preferably at least about 85%, even more 
preferably at least about 90%, and most preferably at least about 95%. 

7r vivo half life" means the half-life of the polypeptide of interest or polypeptide variant circulating 
in die blood of a given mammal. 

As used herein, the term "salvage receptor binding epitope** refers to an epitope of the Fc region of an 

20 IgG molecule (e.g., IgGl, ]gG2, IgG3, and IgG4)diat is responsible for increasmg the in vivo serum half-life of 
the IgG molecule. As an example, Figure 2 shows representative epitopes in underlining and the important 
residues in asterisks. The IgGl, IgG2, and !gG4 isotypes are preferred for determining the salvage receptor 
binding epitope. 

"Polymerase chain reaction" or "PGR" refers to a procedure or technique in which minute amounts of 
25 a specific piece of nucleic acid, RNA and/or DNA, are amplified as described in U.S. Patent No. 4,683,195 
issued 28 July 1987. Generally, sequence information from die ends of the region of mterest or beyond needs 
to be available, such that oligcBiucleotide primers can be designed; these primers will be identical or similar in 
sequence to opposite strands oftfae template to be amplified. The 5* terminal nucleotides ofthe two primers may 
coincide wiA die ends ofthe amplified material. PGR can be used to amplify specific RNA sequences, specific 
3 0 DNA sequences from total genomic DNA, and cDNA transcribed from total cellular RNA, bacteriophage or 
plasmid sequences, ere. See generallv Mullis ei aL Cold Spring Harhor Svnm. Quant. BtoK. 51 ! 263 f 1987V 
Erlich, ed, PGR Technoloyv. (Stodcton Press, NY, 1 989). As used herein, PGR is considered to be one. but not 
the only, exan^)le of a nucleic acid polymerase reaction mediod for amplifying a nucleic acid test sample 
comprising the use of a known nucleic add as a primer and a nucleic acid polymerase to amplify or generate a 
3 5 specific piece of nucleic acid. 

"Antibodies** (Abs) and **unmunoglobulins** 0gs) are glycoproteins having the same structural 
characteristics. While antibodies exhibit binding specificity to a specific antigen, immunoglobulins include both 
antibodies and other antibody-like molecules which lack antigen specificity. Polypeptides ofthe latter kind are, 
f r example, produced at low levels by the lymph system and at increased levels by myekmias. 
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"Nadve antibodies*' and "native immunoglobulins" are usually heter ot etrameric glycoproteins of about 
150,000 dalums, composed of two identica] light (L) chains and two identical heavy (H) chains. Each light 
chain is linked to t heavy chain by one covaiat disulfide bond, while the number f disulfide Imkages varies 
among heavy chains of different iDununogl bulin isotypes. Each heavy and light chain also has regularly 
spaced intrachain disulfide bridges. Each heavy chain has at one end a variable domain (V^ followed by a 
number of constant domains Each ligjit chain has a variable domain at one end (V|^ and a constant domain at 
its other end; the constant domain of the li^t chain is aligned widi die first constant domain of the heavy chain, 
and the light- chain variable domain is aligned with the variable domain of the heavy chain. Particular amino 
acid residues are believed to form an inter&ce between the light- and heavy-cfaam variable domains (Clothia et 
aL, J,MQl,Big|» ISfi: 651-663 [1985]; Novotny and Haber, Proc Natl Acarf M iTjSA ^2: 4592-4596 [1 985]). 

The term 'Variable** refen to the fasx diat certain portions of the variable domains differ extensively in 
sequence among antibodies and are used in the binding and specificity of each particular antibody for its 
particular antigen. However, the variability is not evenly distributed throughout the variable domains of 
antibodies. It is concentrated in three segments called amiplementarity-determining regions (CDRs) or 
hypcn^ariable regions both in the li^t<haitt and the heavy-dmin variable domains. The more highly conserved 
potions of variable domains are called the fiamework (FR). The variable domains of native heavy and light 
chains each comprise four FR r^ions, largely adopting a ^sheet configuratioa connected by three CDRs, wh ich 
fonn loops connecting* and in some cases forming part of, the p-sheet strucnire. The CDRs in each chain are 
h^ togedier in close proximiQir by die FR regions and, witti die CDRs from die other chain, contribute to the 
formation of the antigen-binding site of antibodies (see Kabat el ed,^ supra). The constant domains are not 
involved directly in binding an antibody to an antigen, but exhibit various effector functions, sudi as participation 
of the antibody in antibody-dependent cellular toxici^. 

Papain digestion of antibodies produces two identical antigen- bindmg fragments, called "Fab** 
fragments, each widi a single antigen-binding site, and a residual Tc" fragment, whose name reflects its ability 
to crystalli2e readily. Pepsin trea&nent yields an F(ab'}2 fragment diat has two antigen-combinmg sites and is 
still capable of cross-linking antigett 

•Tv-isthe minimum antibody fragment which contains a complete antigen-recognition and -binding 
site. This region consists of a dimer of one heavy- and one light-cham variable domam in tight, non-covalent 
association. It is in diisoonfigurBdondiat the three CDRs of each variable domain interact 
binding site on the sur&ce of the V|{-V|^ dimer. Collectively, the six CDRs confier antigen-binding specificity to 
the antibody. However, even a single variable dcmiain (or half of an Fv comjOTsing only duee CDRs specific 
for an antigen) has die ability to recognize and bind antigen, ahhough at a kiwer affinity dian die enure binding 
site. 

The Fab fragment also contains the constant domain of die light chain and the first constant dcmiain 
(CHI) of die heavy chain. Fab fragments differ from Fab fragments by the addition of a few residues at die 
carboxy terminus of the heavy chain CHI domain including one or more cysteines fnm the antibocfy hinge 
region. Fab'-SH is die designation herein for Fab* in which die cysteine residue(s) of die constant domains bear 
a free diiol group. FCab*), antibody fragments originally were produced as pairs f Fab' fragments which have 
hinge cysteines between them. Odier chemical couplings of antibody fragments are also known. 
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"SiDgle<ham Fv" or "sFv" antibody fagments comprise the V|| and V|. domains of antibody, wherein 
these domains are present in a single polypeptide chain. Generally, the Fv polypeptide further comprises a 
polypeptide linker between the and dmnains which enables the sFv to fonn the desired structure f r 
antigen binding. For a review f sFv see Phickthim, A. in The Pfaamacologv of Monoclonal Antihodig^ vol 
5 1 13, Rosenbuig and Moore eds^ Springer-Verlag, New York, pp. 269-315 (1994). 
TT>e "light chains* of an t ibod ie s (immunogtobolins)finom 
of two clearly distinct types, called kappa (k) and lambda {X% based on the amino acid sequences of their 
constam domains. - 

Depending on the amino add sequence of the constant domain of their heavy chains, immunoglobulins 
10 can be assigned to different classes. There are five miyor classes of imrounogbbulins: igA« IgD, IgE, IgG, and 
IgM, and several of these may be furAer divided into subclasses (isotypes), e.g.. IgG 1 , IgG2, IgG3, IgG4, IgA, 
and lgA2. The heavy-chain constam dmains tfiat contqxmd to the different classes of immunoglobulins art 
called o, 6, c, Y« and 11, respectively. The subunit structures and three-dimensional configurations of diffcient 
classes of immunoglobulins are well known. 
15 The term "anttbody** is used in the broadest sense and specifically covers single monockmitl antibodies 

(inckiding agonist and antagonist antibodiesX antibody compositions with polyepitopic specificity, bispecific 
antibodies, diabodies, and single-chain molecules, as well as antibody fivgments (cg^ Fab, ?(ab% and Fv), so 
long as they exhibit the desired biological activity. 

The term "monoclonal antibod|y" as used herein refers to an antibody obtained from a population of 

2 0 substantially homogeneous antibodies, te., the mdividual antibodies comprising the population arc identical 

except for possible nanirally occurring mutations that may be present in minor amounts. Monoclonal antibodies 
are highly specific, being directed against a smgle antigenic site. Furthermore, in contrast to conventional 
(polyclonal) antibody preparations which typically include different antibodies directed against different 
determinants (epilopesX each monoclonal antibody is directed against a single determinant on the antigen. In 
25 addition to their specificity, the monoclonal antibodies are advantageous in that they are synthesized by the 
hybridoma culture, uncontaminated by other immunoglobulins. The modifier "monoclonal** indicates the 
character of the antibody as being obtained from a snbstantnlly homogeneous population of antibodies, and is 
not to be constnied as requiring production of the antibody by any particular method. For example, the 
monoclonal antibodies to be used in accordance with the present invention may be made by the hybridoma 

3 0 mediod first described by Kohler and Milstein, MatUEfc 2Sfi: 495 (1975), or m^ be made by iccombinant DNA 

methods (see, e.g,. U.S. Patent No. 4,816,567 [CabiUy et al.\). The "monoclonal antibodies" may also be 
isolated from phage antibody libraries using die techniques described in Clackson et ai, Nanire. 352 : 624-628 
(1991) and Marks c/ a/., J. Mol. BioK. 222: 581-597 (1991). for example. 

The monoclonal antibodies herein specifically include "chimeric** antibodies (immunoglobulins) in 
3 5 which a portkm of fte heavy and/or light chain is identical with or homologous to corresponding sequences in 
antibodies derived from a particular species or belonging to a particular antibod|y class or subclass, while the 
remainder of the chain(s) is identical with or homologous to correqxmding sequences in antibodies derived from 
another species or bekmging to another antibody class or subclass, as well as fragments of such antibodies, so 
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long s they exhibit the desired biological activiQf (Cabilly ef aL , sttpra; Morrison er oL, Proc. Natl. Acad. Sci. 
USA. M: 6851-68S3 [1984]). 

"Humanized* fonns of non-human (e^^ murine) antibodies are chimeric immunoglobulins, 
immunoglobulin chains or fragments thereof (such as Fv, Fab, Fab*, F(ab*)2 or other antigen-binding 
5 subsequences of antibodies) \^ich omtain minimal sequence derived from non-human immunoglobulin. For 
the most part, humanized antibodies are human immunoglobulins (recipient antibody) in which residues Ifirom 
a complementary-determining region (CDR) of the recipient are replaced by residues fern a CDR of a non- 
human species (donor antibody) sudi as mouse* rat or rabbit having the desired specificity, affinity, and capacity. 
In some instances, Fv framework residues of die human immunoglobulin are replaced by corresponding non- 
10 human residues. Furthermore, humanized antibodies may comprise residues which are found neither in the 
recipient antibody nor in the imported CDR or framework sequences. These modifications are made to funher 
refine and optimize antibody performance. In general, die humanized antibody will comprise substantially all 
of at least one. and typically two, variable domains, in which all or substantially all of the CDR regions 
coirespond to those of a non-human immunoglobulin and all or substantially all of the FR regkms are those of 
15 a human immunoglobulin sequence. The humanized antibody optimally also vnW comprise at least a portion of 
an immunoglobulin constant region (Fc), typically that of a human hnmunoglobultn. For fitr^er details see: 
Jones er a/., Namre. 221- 522-525 (1986); Reichmann et a!,, Iia&ll£> 222: 323-329 (1988); and Presta, CuzUQlL 
Struct Biol.- 2: 593-596 (1 992). The humanized antibody includes a Primatized™ antibody wherein the antigen- 
bindiiig region of die antibody is derived from an antibody produced by immunizing macaque monkeys with the 
2 0 antigen of interest 

'T^on-immunogenic in a human" means diat upon omtacting the polypeptide of interest or polypeptide 
variant in a pharmaceutically acceptable carrier and in a therapeutically effective amount with die appropriate 
tissue of a human, no state of sensitivhy or resistance to the polypeptide of interest or variant is demonstrable 
upon die second administration of die polypeptide of interest or variant after an appropriate latent period (eg. , 
25 8 to 14 days). 

The tenm "diabodies" refers to small antibody fragments widi two antigen-bmding sites, which 
fragments comprise a heavy-chain variable domain (S/^ connected to a light-chain variable domain (V,,) on the 
same polypeptule chain (Vh - V J. By usir^ a linker dut is too short to allow pairing between the two domains 
on the same chain, die domains are forced to pair widi die complementaiy domains of anodier diain and create 

30 two antigoi-binding sites. Diabodies are described more fully in, for example, EP 404,097; WO 93/1 1 161; and 
Holliger et oL, Proc Natl Acad. Sci USA. 2fi: 6444^8 (1993). 

The term "LFA-l-mediated di»defs" refers to padioiogical states caused by cell adherence interactions 
involving die LFA-1 receptor on lymphocytes. Examples of such disorders include T cell inflammatory 
responses such as inflanunat<Hy skin diseases including psoriasis; responses associated widi inflammatory bowel 

35 disease (such as Crohn's disease and ulcerative colitis): adult respiratory distress syndrome; dennatius; 
meningitis; encephalhis; uveitic; allergic conditions such as eczema and asduna and odier conditions involving 
infiltration of T cells and chronic inflammatory responses: skin hypersensitivity reactions (inchiding poison ivy 
and poison oak); atherosclerosis; leukocyte adhesion deficiency; autoimmune diseases such as rheumatoid 
arthritis, systemic htpus erydiematosus (SLE). diabetes mellitus, muhiple sclerosis. Reynaud*s syndrome, 
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autoimmune thyroiditis, experimental autoimmune encephalomyelitis, Sjorgen*s syndrome, juvenile onset 
diabetes, and immune responses associated widi delayed hypersensitivtiy mediated by cytokines and T- 
lymphocytes typically found in tuberculosis, sarcoidosis, polymyositis, granulomatosis and^vasculitis; pernicious 
anemia; diseases involving leukocyte di^)ede5is;CNSinflai^^ rgan injury syndrome 

5 secondary to septicaemia or trauma; autoimmune haemoiytic anemia; myediemia gravis; antigen-antibody 
complex mediated diseases; all types of transplantations, mcluding graft vs. host or host vs. graft disease; 
hemorrbagic shock; pubnonaiy oxygen toxicity; puhnonaiy fibrosis; wound repair; B-cell lymphomas; etc. 

In particular, the prefe rred indications for antibodies to GDI la or GDI lb are psoriasis, transplant 
rejection, asdmu, wound repair, and pubnonary fSmsis; die preferred indications for antibodies to CD 1 8 are 
10 hcmonfaagic shock, meningids; encephalitis; multiple sclerosis; asdmia; and pulmonary oxygen toxicity; and die 
preferred indication for antibodies to CD20 is B^ll lymphoma. 

Treatment** refers to both dierapeutic treatment and prophylactic or p rev en tative measures. Those in 
need of treatment inchide those already whh the disorder as well as those prone to have the disorder or those in 
which the disorder is to be prevented 
15 "Manunal" for purposes of treamnent refers to any animal classified as a mammaK including humans, 

dome^c and farm animals, and zoo, sports, or pet animals, such as dogs, horses, cats, sheep, pigs, cows, etc. 
Preferably, die mammal herein is human. 

The temi "LFA-1 antagonist** generally refers to an antibody directed against eidier CDl la or CD18 
or both, but also includes soluble forms of ICAM-1 (e.g., die ICAM-1 extracellular domain), antibodies to 
2 0 lCAM-1 , and fiagments thereof, or odier molecules capable of inhibiting die interaction of LFA- 1 and ICAM- 1 . 

The tenn "ami-LFA*l antibody" or *'amt*LFA-l MAb** refers to an antibody directed against eidier 
CDl la or CD18 or bodi. Tlie anti-CDl la antibodies inchtde, eg:, MHM24 (Hiklredi et at, Eur. J. Immunol.. 
12' 202-208 [1983]), R3.1 OgGl; Rodilein, Boehringer In^lheim Pharmaceuticals, Inc., Ridgefiekl CT), 25-3 
(cv253; an IgGl available fiom Immunotedi, France see OlbrtetaL, in Feldmann, ed.. Human T cell Clones, 
25 A new Approach to Immune Regulation. aiftniL NJ. Hiimana. [1986]p. 173),KBA(IgG2a;Nishimuraera/., 
Cell. ImmunoL. 107; 32 fl9871:Nishimuragrfl^. Cell. Immunol.. 94: 122 [19S5]), M7/15 (lgG2b: Springer e/ 
g/.. Immunol. Rev.. 68: 171 f 198211 1QT16 rVemiot Desrochesitf Scand. L ImimmoL 33: 277-286 119911). 
SPVL7 (Vemot Desroches et al., siq>ra\ and M17 (IgC2a; avaitobie from ATCC, which are rat anti-murine 
CDl la antibodies). 

30 Examples of anti-CD18 antibodies include MHM23 (Htldredi ef a/., sypra\ Ml 8/2 (IgG2a; Sanches- 

Madrid et aL, J. Exp. Med.. J^J: 586 [ 1983]), H52 (Fckete ef aL, J Clm Lab frnmunol.. 21: 145-149 [1990]), 
Masl9 1 c (Vermoc Desroches et aL, siq}ra\ lOTl S (Vermot Desroches et al,, stgfra\ 60 J (Taylor et at , £liiL 
Exp. ImmunoL. 21: 324-328 [1988]), and 60.1 (Campana et a/., Eur. J. Immunol., ifi: 537-542 [1986]). 

* 

Odier examples of suitable LFA*1 antagonists, induding antibodies, are described in Hutchings et oL, 
35 £iaQU£,248: 639 (1990), WO 91/1801 1 published 11/28/91, WO 91/16928 published 1 1/14/91, WO 91/16927 
published 1 1/14/91, Can. Pat i^ln. 2,008^68 published 6/13/91, WO 90/15076 publidied 12/13/90, WO 
90/10652 published 9/20/90, EP 387,668 published 9/19/90, EP 379,904 published 8/1/90, EP 346,078 
published 12/13/89, Pat No. 5,071,964, U.S. Pat No. 5,002,869, Australian Pat Appln. 8815518 published 
1 1/10/88, EP 289,949 published 1 1/9/88, and EP 303,692 published 2/22/89. 
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Modes for Canvmg Out the fnvenrtiwi 

1. General DMCription fff the LnYcation 

The cMTcnt iavention is concemed wMi inco i po iatm g a salvage receptor binding q)iiopc ftheFc 
region of an IgG into apolyp^ddeof interest so as to increase its circulatoiy half-life, but so as not to lose its 
5 biological activity. This can take place by any means, such as by mutaticm of the appropriate region in the 
polypeptide ofimcfcsttominiic die Fc region or by m capoiatiu g the qiitope^^ 
to the polypeptide of interest at eidier end or in the niddie or by DNA or peptide synthesis. 

A systematic method for preparing sudi a polypeptide variant having an increased in vrvq half-life 
comprises several step)s. The first involves identifying the sequence and conformation of a salvage receptor 
10 binding epitope on an Fc region of an IgG molecule. Once this epitope is identified, die sequence of the 
polypeptide of interest is modified to inchide the sequence and confmnadon of the identified binding epitope. 
After the sequence is mutated, the polypeptide variam is tested to see ifit has a loiter mvw half-life tha^ 
of die original polypeptide, te, the polypeptide of interest If the polypeptide variant does not have a longer in 
vivo half-life upon testing, its sequence is further altered to include die sequence and conformation of die 
15 identified binding qpitope. The abered polypeptide is tested for longer in vivo half-life, and diis process is 
continued until a molecule is obtained that exhibits a longer in vivo half-life. 

The salvage receptor binding epitope being tfius incorporated into die polypeptide of interest is any 
suitable such epitope as defined above, and hs nanire will depend, eg., on the type of polypeptide being 
modified. The transfer is made such diat die biological activity of die polypeptide of intmst is mamtamed, i.c., 
20 the transferred portion does not adversely affect die conformation of die polypeptide of interest or affect its 
bindmg to ligands diat confere its biological activity. For example, if die polypeptide of micrest is an antibody, 
die salvage receptor binding epitope is not placed so as to interfere widi an antigen-binding site of the antibody. 

Preferably, die polypeptide of interest contains an Ig domain or Ig-like domain and die salvage receptor 
bmding epitope is placed so diat it is located widim diis Ig domain or Ig-like domain. More preferably, die 
25 epitope constitutes a region wherem any one or more amino ackl residues from one or two loops of die Fc 
dwnain are transferred to an anatogous position of die Ig domain or Ig*like domain of die polypeptide of interest 
Even mm preferably, dnee or more residues from one or two loops of die Fc dcmiain arc transferred. Still more 
prefierTed, die epitope is taken fitrni the CH2 domain of die Fc region (e.g., of an IgG) and transferred to die CH 1 . 
CH3, or V|| region, or more dian one such region, of an Ig or to a Ig-like domam. Ahcmatively, die epitope is 
3 0 taken from die CH2 domain of die Fc region and transferred n> die CL region or region, or bodi, of an Ig or 
to an Ig-like domain of the polypeptide of interest 

For example, for purposes of discussing variants wherein die polypeptide of interest is anti-CD 1 8. 
reference is made to Figure 2, which illustrates die relevant consensus primary strucnues of various Igs, ie, 
human IgGl CHI domain, human IgG2 CHI domain, human IgG3 CHI domain, human IgG4 CHI domain, 
35 human kappa CL domain, and human lambda CL domain, as well as die specific sequence for Fab vlb, a 
preferred anti-CD18 Fab variam herein. Furdier, Fig. 2 indkates die residues of Fab vlb diat are of interest and 
of most importance. In a prefierred embodiment, die reskhies of importance are diose widi an asterisk in Figure 
2, Lc in one loop of Fab V 1 h, MIS wirii a T residue one amino acid C-terminal to MIS, and in anodier loop f 
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Fab vlb, HQN with a D residue two amiix) acids C^enni^ 
to the D residue. 

In one most prefjemd embodiment, tfie salvage receptor binding epitope comprises die sequence (S* to 

n 

5 PKNSSMISNTP (SEQ ID NO: 3). 

and optioiudly further coniprises a sequence selected fivmitb^ IIX 
HQha.SDGK (SEQ ID NO: 1), HQNISEXjK (SEQ ID NO: 2), or VISSHLGQ (SEQ ID NO: 3 1), particularly 
M^ere the polypeptide of interest is a Fab or (Fab*),. 

In anodier most preferred embodiment, the sah^e receptor binding qncope i^ 

10 an Fc containing the $equence(sX5' to 3'): HQNLSDGK (SEQ ID NO: 1), HQNISDGK (SEQ ID NO: 2), or 
VISSHLGQ(SEQIDNO: 31) and the sequence: FKNSSMISNT?(SEQIDNO: 3). Tliis epitope is suitably 
fused to the polypeptide of interest, and in a prefeired aspect is contained on a peptide that is fused to the 
polypeptide of interest Examples of polypeptides of interest suitable for dsis purpose include those which will 
have ahered secondary or tertiary structure, with adverse consequences, if the sequence thereof is mutated, such 

15 as growrti hormone or nerve growth factor. 

In one embodiment, the variants can be pnpmd by recombinant means. Thus, nucleic acid encoding 
the variant is prepared, placed into a replicable vector and the vector is used to transfea or transform suitable 
host celk for expression. The polypeptide variant is produced by cuhuring the host cells in a culnire medhmi 
and recovering the polypeptide variant from the host cell culture. 

20 If the polypeptide variant is being secreted, it is recovered from the cuhure medium. In another embodiment, 
the polypeptide variam is prepared by altering a polypeptide of interest that is cleared from the kidney and does 
not contain an Fc region of an IgG so that it ccmiprises a salvage receptor binding epitope of an Fc region of an 
IgG and has an increased in vivo half-life. The altering step is preferably conducted by Kunkel, site-directed, 
cassette, or PCR mutagenesis. Kunkel mutagenesis is described, e.g„ by Kunkel, Ptpc. Natl. Acad. Sci. 

25 488-492 (1985). 

2. Preparation of Polvoentidgs of Interest and Their Variants 

Mostofthe discussion belowpeitainsto production ofdw polypeptide ofimerest or polypeptide variant 
by culturing cells transformed widi a vector containing the nucleic acid encoding the polypeptide of interest or 
polypeptide variant and recovering rht polypeptide of interest or variant from die cell culture. It is further 

3 0 envisioned that the polypeptide of interest may be produced by homologous recombination, as provkled for in 
WO 91/06667 published 16 May 1991. Briefly, this method involves transforming primary mammalian cells 
ccmtaining endogenous polypeptide (eg:, human cells if die desired polypeptide is human) witfi a consoruct (t e , 
vector) comprising an amplifiable gene {sash as dihydrofolate reductase PHFR] or otfiers discussed bebw) and 
at least one flanking region of a leogtfi of at least about 1 50 bp that is homologous widi a DN A sequence at the 

3 5 locusiDf die coding region of die gene of die polypeptide of interest to {sovkie amplification of die gene encoding 
die polypeptide of interest The amplifiable gene must be at a site diat does not mterfere with expression of the 
gene encodmg die polypeptide of interest The transformation is conducted such that die construct becomes 
homologously integrated into die genome f the primary cells to define an amplifiable region. 
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Primary cdb comprising the ccHismict are then selected for by means of die amplifiable gene or other 
marker inesent in the construct The presence oftfae marker gene establishes the presence and im^ration of the 
construct mto the host genome. No further selectioo fthe primary cells need be made, since selection wil] be 
made in die second host If desired, til occurrence ofthe homologous recombination event can be determined 
5 by employing PCR and either sequencing the resuitmg amplified DNA sequences or determining the appropriate 
leogdi of the PGR fragmem when DNA from correct homologous integrants is present and expanding only those 
cells cmtaitting such fragments. Also if desired, the selected cells may be amplified at this point by stressing 
the cells widi the qspropriate amplifying agent (such as methotrexate if the amplifiable gene is DHFR), so that 
multiple copies of the target gene are obtained Preferably, however, die amphfkation step is not conducted until 
10 after die second transformation described below. 

After die selectioa stcp» DNA potions of die genome, sufficiemly large to inchzde die entire ampi ifiabie 
region, are isolated from die selected primary cells. Secmidary mammalian expression host cells are dicn 
transformed with diese genomic DNA portkxis and cloned, and clones are selected diat contain die amplifiable 
r^ioiL The amplifiable region is then amplified by means of an amplifying agem if not aheady amplified in die 
15 primary cells. Finally, die secondary expression host cells now comprising multiple copies of die amplifiable 
region containing die polypeptide of interest are grown so as to express die gene and produce die polypeptide. 
A. Isolation of DNA Encndinp Polvpeptide oflnt^ 

The DNA encoding die polypeptide of interest may be obtained from any cDNA library prepared from 
tissue beheved to possess die mRNA encoding die polypeptide of interest and to express it at a detectable level. 
20 The gene encodmg die polypeptide of interest may also be obtained from a genomic library or by w vitro 
oligonucleoUde syndiesis, assuming the complete nucleotide or amino acid sequence is known. 

LibrariK are screened widi probes designed to identify die gene of interest or die protein encoded by 
it For cDNA expression libraries, suitable imbes mclude monoclonal or polyclonal antibodies diat recognize 
and specifically bind to die polypeptide of interest; oligonucleotides of about 20-80 bases m lengdi diat encode 
25 known or suspected portions of die cDNA encoding die polypeptide of interest from die same or different 
specm: and/or complementary or homol(^ous cDNAs or fragments thereof diat encode the same or a similar 
gene. Appropriate probes for screening genomic DNA libraries include, but are not limited to, oligonucleotides, 
cDNAs. or fragments thereof that encode the same or a similar gene, and/or homologous genomic DNAs or 
fragments diereof Screening die cDNA or genomic library widi die selected piobe may be conducted using 
30 standard procedures as described in Chapters 10-12 of Sambrook ei al.. Molecular Cloning: A Laboratory 
Manual (New Yoric: Cold Spring Harbor Laboratory Press. 1989). 

An alternative means to isolate die gene encoding die polypeptide of interest is to use PCR 
mediodology as described in Secti<m 14 of Sambrook ei aL supra. This mediod requires die use of 
oUgonucleotide probes diat will hybridize to die polypeptide of interest. Strategies for selection of 
3 5 oligmucleotides are descra)ed below. 

A preferred mediod of practicing this invention is to use carefully selected oligonucleotide sequences 
to screen cDNA libraries from various tissues. 

The oligonucleotid sequences selected as probes should be of sufficient lengdi and sufficiently 
unambiguous diat £ilse positives are minimized. The actual nucleotide sequence(s) is usually based n conserved 
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or highly homologous nucleotide sequences. The oligonucleoddcs miQr be degenerate at one or more positiwjs. 
The use of degenerate oligonucleotides may be of particular tmponance where a Uhraiy is screened from a 
q)ecies in which prefintntial codon usage is not known. 

The oligonucleotide must be labeled such that it can be detected upon hybridization to DN A in the 
S library being screened Ihe jHtfaitd method of labeling is to use ^P-labcled ATP wrt^ 

asisweUknownintiieait.toradk>labeldieolig«iucleotide. However, other mctfiods may be used to label the 
oligcmucleotide, including, but not limited to, biotinylation or en^e labeling. 

Of particular interest is 4e nucleic acid encoding the polypeptide of interest that encodes a full-length 
polypeptide. In some preferred embodiments, fte nucleic acid sequence inchides the polypeptide of mteresfs 
10 signal sequence. Nucleic acid having all ^ protein coding sequence is obtained by screening selected cDNA 
or genomk libraries using the deduced amino acid sequence disclosed herein for the fird time, and, if necessary, 
using conventional primer extension jwocedures as described m Sectiai 7 .79 of Sambrook et aL , n^pro, to detect 
precursors and j^ocessing intermediates of mRNA that may not have been reverse-transcribed into cDNA. 
B. Ptgparation of Vpriantt of Potvbenrideof Interea 
15 The variants of the polypeptide of interest are suitably prepared by hitroducing appropriate nucleotide 

dianges as set forth above for the Fc region into the DNA encoding the polypqitidc of interest, or by in vitro 
synthesis of the desired polypeptide variant Such variants include, for example, deletions from, or insmicms 
or substinitions oft residues witoin the amino acid sequence of tfie polypeptide of interest so tot it contains the 
proper epitope and has a longer half-life in serum. Any combination of deletion, insertion, and substitution is 
20 made to arrive at the final construct, provided that the fmal construct possess^ The 
amino acid changes also may aher post-translational processes of die polypeptide of interest, such as changing 
the number or position of glycosylation sites. Moreover, like most mammalian genes, the polypeptide of interest 
might be encoded by multi-exon genes. 

For the design of ammo acid sequence variants of the polypeptide of interest, the location of the 

2 5 mutation site and the nanirc of the mutation will be determined by the specific polypeptide of interest being 

modified. For example, an immunoglobulin or immunoglobulin-like domam will be inhially modified by 
locating kxyps tiiat are structurally similar to die two kxips in IgG 
Tlie sites fw mutation can be modified individually or in series, eg^ ^ 

amino acid choices and then witfi more radical selections depending upon the results achieved. (2) deleting the 
30 target residue, or (3) inserting residues of the same or a different class adjacent to die tocated site, or 
combinations of options 1*3. 

A useful mediod for idcntificatiai of certain residues or regions of the polypeptide of interest tiiat are 
preferred locations for mutagenesis is called "alanine scanning mutagenesis," as described by Cunningham and 
Wells, Science. 244 : 1081-1085 (1989). Here, a residue or group of target residues are identified (eg., charged 

3 5 residues such as arg, asp, his, lys, and glu) and replaced by a neutral or negatively charged amino acid (most 

preferably alanine or polyalanine) to affect the mteraction of die amino acids widi die surrounding aqueous 
environment in or outside the cell. Those domams demonstrating functional sensitivity to the substinitions then 
are refined by introducing further or other variants at r for die sites f substimtion. Thus, while tii site f r 
introducing an amino acid sequence variation is predetermmed, the nature of the mutation per se need not be 
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predetennioed. For example, to optiintze the performance of a mutation at a ^ven site, alanine scanning or 
random mutagenesis is conducted at the target codon or region and the variants produced are screened f r 
increased circulatory half^life. 

Amino acid sequence deletions generally range from about 1 to 30 residues, more preferably about 1 
5 to 10 residues, and typically are contiguous. Contiguous deletions ordinarily are made in even numbers of 
residues, but single or odd numbers of deletions are within the scope hereof As an example, deletions may be 
introduced into r^ros of low homology among LFA- 1 antibodies which share the most sequence identity to the 
aminoacidsequenceofthepol>peptideofinieresttDmodiiythehalf*^ Deletions from the 

polypeptide of interest in areas of substantial homology with one of die bindmg sites of other iigands will be 

1 0 more iikeiy to modify the biological activity of the polypeptide of interest more significantly. The number of 
consecutive deletions will be selected so as to preserve the teniary stnicnire of the polypeptide of interest in the 
affected domain, eg. , betai>leated sheet or alpha helix. 

Amino acid sequence insertions inchxde am ino- and/or caiboxyl-teiminal fiisions ranging in length fiom 
one residue to polypeptides containing a hundred CR-more residues, as well as intra-sequence insertions of single 

15 or muhiple amino acid residues. Intra-scquence insertions (te., insertions within the mature polypeptide 
sequence) may range generally from about I to 10 residues, more preferably I to 5, most pvfeiably 1 to 3. 
Insertions are preferably made in even numbers of residues, but this is not required. Examples of insertions 
include insertions to the internal potion of the polypeptide of interest, as well as N- or C-termmal fusions with 
proteins or peptides containing the desired ephcpc that will resuh, upon fusion, in an increased half-life. 

20 A third groiq>ofvariant5 are amino acid substitution variants. These variants have at least one ammo 

acid residue in the polypeptide molecule removed and a different residue inserted in its place. The sites of 
greatest interest for substitutional mutagenesb include one or two loops in antibodies. Other sites of interest are 
those in which particttlar residues of die polypeptide obtained from various species are identical among all animal 
species of the polypeptide of interest, this degree of conservation suggesting importance tn achievmg biological 

25 activity common to diese molecules, lliese sites, especially those Ming within a sequence of at least dueeodie^ 
identically conserved sites, are substituted in a rehoively conservative manner. Such conservative substitutions 
are shown in Table 1 under die heading of prefierred substitutions. If such substitutions result in a change in 
biological activity, then more subsontial changes, denominated exemplary substitutions in Table 1, or as further 
described below in reference to amino acid classes, are introduced and the products screened. 
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Table 1 

Original Excmplaiy Prefcned 

Sfiaiduc Sttbstiflitions SubstitBtigns 

Ala (A) vaklemile val 

5 Aig(R) lys;glii;asn ly$ 

Aso(N) gln;lu5;lys;«ig gin 

Asp(D) glu ghi 

CyiC ser scr 

Gin (Q) asn aai 

XO Ghi(E) aap asp 

Gly(G) pro;ala tla 

His (H) asn; gin; lys; arg arg 

Ilea) lem val; met; ala: 

phe; norleucine leu 

15 Leu (L) norleucine; ile; 

val; met; ala; phe ile 

Lys (K) arg; gin; asn arg 

Met(M) leu; phe; ile leu 

Phe (F) leu; val; ile; ala; leu 

20 tyr 

Pro(P) ala ala 

Ser(S) thr tfar 

TTirfn ser ser 

Tip(W) tyr,pbe tyr 

25 Tyr(Y) trp; phe; thn ser phe 

Val (V) iJc; leu; met; phe; 

ala; norleucine leu 



Substantial modifications in function of the polypqrtide of interest are accomplished by selecting 
substhudons that differ significantty in their effect on maintaining (a) the structure of the polypeptide backbone 
30 in the area of the substitution, for example, as a sheet or helical conformation, (b) the charge or hydrophobicity 
of the molecule at the target site, or (c) the buDc of the side chain. Nauirally occurring residues are divided into 
groups based on common side<ham properties: 

(1) hydrophobic: norleucine, met, ala, vaL leu, ile; 

(2) neutral hydrophilic: cys, ser, thr, 
35 (3) acidic: asp, glu; 

(4) basic: asn, gto, his, lys, arg; 

(5) residues that influence chain mentation: gly, pro; and 

(6) aromatic: trp, tyr, phe. 



-15- 



PCT/nS96m4316 



Non-conservative substitutions will entail exchanging a member of one of tiiese classes for another 
class. Such substituted residues also may be introduced into the conservative substituticm sites or, more 
prefierably, into the remaining (non-amserved) sites. 

h may be desirable to inactivate one or mott protease cleavage sites that are present in die molecule. 
5 These sites are identifwd by m^yection of the encoded amino scid sequence, in the case of tiypsin, e,g.^ for an 
aiginyl or lysinyl residue. When protease cleavage sites are idmtified, they are rendered inactive to proteoly^^ 
cleavage by substimdng the targeted residue with anodier residue, prefierably a basic residue such as glutamxne 
or a hydrophilic residue such as serine; by deleting the residue; or by inserting a prolyl residue immediately after 
the residue. 

10 In another embodiment, any methionyl residues other than die starting methionyl residue of the signal 

sequence, or any residue located widiin about three residues N- or C-terminal to each such methionyl residue* 
is substittited by anodier residue (preferably in accord with Tabk I) or Ahemadvely, about 1*3 residues 

are iiserted adjacent to such sites. 

Any cysteine residues not invoked in maintaining die proper conformadon of die polypqydde of intoest 

15 also may be subsdmted, generally witfi serine, to improve the oxidative stability of die molecule and prevent 
aberrant crosslinking. 

In the first embodiment, nucleic acid molecules encoding amino acid sequence variants of the 
polypeptide of interest are prepared by a variety of methods known in the ait Then methods include, but are 
not limited to, preparation by ol^ucleotide-mediated (or siteniirected) mutagenesis, PCR mutagenesis, and 

2 0 cassette mutagenesis of an eariier prepared variant or a non-variant version of die polypeptide on which die 

variant herein b based ("polypeptide of interest"). 

Oligonucleotide-mediated mutagenesis b a prefe rred mediod for preparing substitution, deletion, and 
insertion polypqidde variants herein. Thb technique b well known in die art as described by Adebnan era/., 
QUA. 2 183 (1983). Briefly, die DNA b ahmd by hybridizing an oligmucleotide encoding die desired 
25 mutation to a DNA template, where the template b the single-soranded form of a plasmid or bacteriophage 
containing die unaltered or native DNA sequence of die polypeptide to be varied. After hybridization, a DNA 
polymerase b used to syndiesize an entire second complementary strand of die template diat will dius incorporate 
die oligonucleotide primer, and will code for the selected alteration in die DNA. 

Generally, oligonucleotides of at least 25 nucleotides in lengdi are used. An optimal oligonucleotide 
30 will have 12 to 15 nucleotides diat are ccmipletely complementary to the tonplate on eidier side of die 
nucleotide(s) coding for die mutation. Tlib ensures diat die oligonucleotide will hybridize property to die 
single-stranded DNA template molecule. The oligonucleotides are readily synthesized using techniques known 
in die art such as diat described by Crw et al., Proc. Natl. Acad Sci. USA, 21: 5765 (1978). 

Hie DNA template can be generated by those vecton diat are eidier derived fircmi bacteriophage M13 

3 5 vectors (die commercially available M13mpl 8 and M13mpl9 vectors are suitableX or diose vectcns diat contain 

a single-stranded phage origin ofreplicaiion as described by Vieraefdl Medi. Enzvmol.. 153: 3 f 1987V Hius, 
die DNA dua b to be mutated may be inserted into one of diese vectors to generate smgle-stranded template. 
Production of die single-stranded template b described in Sections 4^1-4.41 of Sambrook et oL, supra. 
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Ahematively, single-stranded DNA template may be generated by denaturing double-stranded plasmid 
(or other) DNA using ^dard techniques. 

For alteration of tfa original DNA sequence to generate the pobl>q)tide variants of d^^ 
oligonucleotide b hybridized to the single-stranded temptete under suitable hybridization conditions. A DNA 
5 polymerizing enzyme, usually the Kknow fragment of DNA polymerase I, is then added to synthesize the 
complementary strand of die template using the oligonucleotide as a primer for synthesis. A heteroduplex 
molecuk is thus fbmfted such that one strand ofDNA encodes the mtnatedibmi of andtheodser 
strand (the original template) encodes the originaL unaltered sequence of die polypeptide. This heteroduplex 
molecukisthentransfomiedintoasuit^tehostcelLosuaUyapnklcaryotesuchas^ Afterdie cells 

10 are grown, tfiey are plated onto agarose plates and screened using die oligonucleotide primer radiolabeled with 
to identify die bacterial colonies that contain the mutated DNA. The mutated region is then removed and 
placed in an appropriate vector for protein producticm, generally an expression vector of the type typically 
employed for transfonnation of an appropriate host 

The mediod described immediately above may be modified aich that a hmnoduplex molecule is created 
15 wherein bodi strands of the plasmid contain the mutation(s). Hie modifications are as follows: The 
single-stranded oligonucleotide is annealed to the single-stranded template as described above. A mixture of 
duee deoxyribonucleotides, deoxyriboadenosine (dATP), deoxyriboguanosine (dGTP), and deoxyribodiymidine 
(dTTP), is combined widi a modified thio-deoxyribocytosine called dCTP-(etS) (which can be obtained from 
the Amersham Corporation). Thb mixture is added to the template-oligonucleotide complex. Upon addition 
2 0 of DNA polymerase to this mixture, a strand of DNA identical to the template except for the mutated bases is 
generated. In addition* diis new strand of DNA will contain dCTP-(oS) instead of dCTP, which serves to protect 
it from resoriction endonuclease digestion. 

After the template suand of the double-stranded heteroduplex is nicked widi an appropriate restriction 
enzyme, the template strand can be digested widi Exolll nuclease or another appropriate nuclease past the region 
25 that contains the site(s) to be mutagenized. The reaction is then stopped to leave a molecule that is only partially 
single-stranded. A complete double-stranded DNA homoduplex is then formed using DNA polymerase in the 
presence of all four deoxyribcmucleotkle triphosphates, ATP, and DNA ligase. This homoduplex molecule can 
then be transformed into a suitable host cell such as £ coU JMIOl, as described above. 

DNA encoding polypeptide mutants witfi more than cme amino add to be substittrted may be generated 
30 in one of several ways. If the amino adds are located close together m the polypeptide chain, they may be 
mutated simultaneously using one oligonucleotide that codes for all of die desired ammo acid substitutions. If, 
however, die amino acids are located somt distance from each other (separated by more than about ten amino 
adds), h is more difficult to generate a single oligonucleotide that encodes all of the desired changes. Instead, 
one of two alternative mediods may be employed. 
35 In die first mediod, a separate oligonucleotide is generated for each amino acid to be substinxted. The 

oligonucleotides are dien annealed to die single-stranded template DNA simuhaneously, and the second strand 
of DNA that is synthesized from the template will encode all of the desired amino acid substitutions. 

The alternative method inv Wes two or more rounds ofmutagenesis to produce the desired mutant The 
first round is as described for die single mutants: wild*type DNA is used for die template, an ligonucleotide 
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encoding the first desired amino acid substititticm(s) is annealed to this template, and the heteroduplex DN A 
molecule is then generated. The second round f mutagenesis utilizes tfa mutated DNA produced in the first 
round of mutagenesis as the template. Thus, this template already contains one or more mutations. The 
oligonucleotide encoding the additicmal desired amino acid 5uhsdnition(s) is then annealed to this template, and 
5 the resulting strand ofDNA now encodes mutations from boditfte first and second Hiis 
resultant DNA can be used as a template m a third round of mutagenesis, and so on . 

PGR mutagenesB is abo suitable for makii^ amino add variants of this While the following 

discussion refen to DNA, it is undmtood tiiat the technique also finds application with RNA. The PGR 
technique generally refers to the following procedure (see Eriicfa, supra^ the chapter by R. Higuchi, p. 61-70): 

10 When small amounts of template DNA are used as staning material in a PGR, primers tiiat differ slightly in 
sequence from the correspondmg region in a template DNA can be used to generate relatively large quantities 
ofaspecifk DNA fragmem that diffeis from the template sequence only at the positions wh^ differ 
frtnn dse template. For introduction of a mutation into a pbsmid DNA, one of the primers is designed to overlap 
the position of the mutation and to contain the mutation: the sequence of the other primer must be identical to 

15 a stretch of sequence of the opposite strand of the plasmid, but this sequence can be located anywhere along the 
plasmid DNA. It is pfeferred, however, that the sequence of the second primer is located within 200 nucleotides 
from that of the fust, such that in the end tiie entire amplified region of DNA bounded by the primers can be 
easily sequenced. PGR amplification using a primer pair like tiie one just described results in a population of 
DNA fragments that differ at the position of the mutation specified fay die primer, and possibly at other positions, 

20 as template copying is somewhat erTor«prone. 

If the ratio of template to product material is extremely low, the vast majority of product DNA 
fragments incorporate the desired mutation(s). This product material bused to rei^ce the coiresponding region 
in the plasmid that served as PGR template using standard DNA technology. Mutations at separate positions can 
be introduced simultaneously by either using a mutant second primer, or performing a second PGR with different 

25 mutant primers and ligating the two resulting PGR fragments simultaneously to the vector fragment in a three 
(at more)-part ligation. 

In a specific example of PGR mutagenesis, template plasmid DNA (1 ms) » linearized by digestion with 
a restriction cndonuclease that has a unique recognition site in the plasmid DNA outside of the region to be 
amplified. OfthismateriaL 100 ng is added to a PGR mbcture containing IKIR buffer, which contains the fw^ 

30 deoxynucleotide triphosphates and is included in the GeneAmp^ kits (obtained firom Perkin-Elmer Getus, 
NorwaDc GT and Emeryville, GAX and 25 pmole of eadi oligonucleotide primer, to a final volume of 50 ^L. 
Ihe reaction mixture is overlaid with 35 \iL mineral oil. The reaction mbcture is denatured for five minutes at 
]00*G, placed briefiy on ice, and then 1 Themus aqvaticus (Taq) DNA polymerase (5 units/^L, purchased 
from Perkin-EfanerGetus) is added below the mineral oil layer. The reaction mbcture is then inserted into a DNA 

3 5 Thermal Cycler (purchased frnn Perkin-Ehner Getus) programmed as follows; 
2min.55*C 

30 sec 72*'C then 19 cycles of the following: 
30 sec. WG 
30sec.55'Cand 
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30 sec. 72*C. 

Atlfaeend fthepf0grein,teitacdon vial is removed frm the the^^ 
tFBnsfeired to a new vial, extracted with phenol/dilorofbnii (50:50 v IX and cthanol p re cipitate d, md the DNA 
is recovered by standard procedores. Tliis material is subsequently subjected to fee gypropriate treatments for 
5 inseition into a vector. 

Another m^hod for preparing variants, cassette mutagenesis, is based on the technique described by 
Wells erolL, £ifiQfi, 21: 315 (1985). The starting material is the plasmid (or other vector) comprising the DNA 
to be mutated. The codoa(5) in the DNA to be mutated are identified. There must be a unique restriction 
endonudease site on eadi side of the identified mutation site(s). If no such restriction sites exist, they may be 

10 generated usmg the above-described oligimucleotide-roediated mutagenesis mediod to introduce them at 
appropriate locatims in the DNA. After the restriction sites have been imiodoced into tiie plasmid, the plasmid 
is cut at these sites to linearize it A double-stranded oligonucleotide encoding the sequence oftbe DNA between 
the restriction sites but containing the desired mutation(s) is synthesized using standard procedures. The two 
strands are synthesized sqwately and then hybridized together using standard techniques. This doublc-stranded 

15 oligonucleotide is refined to as the cassette. This cassette is designed to have 3' and S* ends that are compatible 
with the ends of the linearized plasmid, such that it can be directly ligated to the plasmid. This plasmid now 
contains tixe mutated DNA sequence. 

c hisfliion Of Nuclcfe Arid mm Rcpli«Mc Ycctor 

The nucleic add (eg., cDNA or genomic DNA) encoding the polypeptide variant is inserted into a 
2 0 replicable vector for further ckming (amplification of tiie DNA) or for expression. Many vectors are available, 
and selectim of the appropriate vector will depend on I ) whether it is to be used for DNA amplification or for 
DNA exfvession, 2) the size of the nucleic acid to be inserted into the vector, and 3) the host cell to be 
transfonned widi the vector. Each vector contains various compcments dq)ending on its fimctioo (amplification 
of DNA or expression of DNA) and the host cell with which it is compatible. The vector components generally 

2 5 inchide, but are not limited to, one or more of tiie following: a signal sequence, an <»igin of replication, one or 

more marker genes, an enhancer element, a promoter, and a transcripticHi termination sequence. 
(0 Signal Sequence Component 

The polypeptide variants of this invention may be produced nm only direcdy, but al^ 
a heterologous polypeptide, preferably a signal sequence or other polypeptide having a specific cleavage site at 
30 the N-tenninus of the manire polypeptide variant In general, the signal sequence may be a component of the 
vector, or it may be a part ofthe DNA that is inserted into the vector. The heterologcnis signal sequence selected 
should be one that is recognized and processed (te, cleaved by a signal peptidase) by die host cell. For 
piokaryotic host cells that do not recognize and process the polypq)tide of interest's signal sequence, the signal 
sequence is substituted by a prokaryotic signal sequence selected, for example, fiom the group consisting ofthe 

3 5 alkaline phosphatase, penicillinase, Ipp, or heat-stable enterotoxin U leaders. For yeast secretion the original or 

wild-type signal sequence may be substimted by, eg., the yeast mvertase leader, yeast a^a Victor leader 
(including Saccharomyces and Kluyveromyces o-toor leaders, the latter described in U.S. PSatent No. 5,0 1 0, 1 82 
issued 23 April 1991). yeast add phoqshatase leader, mouse salivaiy amylase leader, carb xypeptidase leader, 
yeast BARl leader, Humicola lanuginosa lipase leader, the C. albicans glucoamylase leader (EP 362,179 
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published 4 A|»i! ]990Xorlhesignd described m WO 9(V13646p^ In mammalian 

cell ex]»cssioo the origina] human signal sequence (ie., the polypeptide presequence that normally directs 
secredon ftfaenativepolypqiddeof interest from which the variant finterest is derived from human cells m 
vmf>) If qtri^fiigtnffy , uMiniigh Atfiw nuMmfimlifln gigtifll sequences may he mitahle, nich as «gnal Mquences from 

5 other animal polypeptides and signal sequences from seaeted polypeptides of Ae same or related species, as well 
as viral secretory leaders, for example, the herpes simplex gD signal 

The DNA for such precursor region is legated in reading frame to DN A encoding ft ^ 

variant 

(iO Oriyin of Replicarion Component 

10 Both expression and ckDingveciOTS contain a nucleic acid sequence that eti^ 

in <me more selected host celb. Generally, in cloning vectors this sequence is one that enables the vector to 
replicate independently of the host chromosomal DNA, and includes origins of replication or autonomously 
replicating sequences. Such sequences are well known for a variety of bacteria, yeast, and viruses. The origin 
of replication from the plasmid pBR322 (ATCC 37,0 1 7), or from other commercially available bacterial vectors 

15 such as, eg., plCK223*3 (I%armacia Fine Giemicals, Uppsala, Sweden) and pGEMl (Promega Biotech, 
Madison. Wis.), is suitable for most Gram-negative bacteria, the 2|i plasmid origin is suitable for yeast, and 
various viral mgins (SV40, polycmu, adenovirus, VSV, or BPV) are useful for cloning vectors in mammalian 
ceDs. Generally, the origin of replicatioo component is not needed for mammal ian expression vectors (the SV40 
origin may typically be used only because it contains the eariy promoter). 

20 Most expression vectors are "shuttle** vectors, /.e, they are capable of replication in at least one class 

of organisms bm can be transfected into another organism for expression. For example, a vector is cloned m E. 
colt and then the same vector is transfected into yeast or mammalian celb for exfmsion even tfiough it is not 
capable of replicating independently of the host cell chromosome. 

DNA may also be amplified by insertion into the host genome. This is readily accomplished using 

2 5 Bacillus species as hosts, for example, by mcluding in the vector a DNA sequence that is omiplementary to a 
sequence found in Bacillus genomic DNA. Transfection of Bacillus whh this vector results in homologous 
recombination with the genome and insertion of the DNA. However, the recovery of genomic DNA encodmg 
the polypeptide variant is more con^lex than diat of an exogenously replicated vector because restriction enzyme 
digestion is required to excise the DNA. 

30 (iii) Selection Ceng Component 

Expression and cloning vectors should contain a selection gene, also termed a selectable marker. This 
gene encodes a protein necessary for the survival <»: growth of transfcmned host cells grown in a selective cuhure 
medhmi. Host celh not traitsformed with the vector contaiiiing the selection geae wiU noc surW 
medhun. Typical selection genes encode proteins diat (a) confer resistance to antibiotics or other toxins, eg., 

35 ampidllin, neomycin, methotrexate, or tetracycline, (b) complement auxotrophic deficiencies, or (c) supply 
critical nutrients not available from complex media, e.g., the gene encoding D-alanine racemase for Bacilli. 

One example of a selection sdieme utili2BS a drug to arrest growth of a host cell. Those cells that are 
aiccessfully transformed with a heterologous gene tnoduce a protein cotifei rin g drug resistance and thus survive 
the selection regimen. Examples fsuch dominant selection use the dmgs neomycin (Soudieme/aiL,LldfiLs» 
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A ppl GentL. 1: 327 [1982]X mycophcnolic acid (Mulligan et aL, Sasnss. 2fiS: 1422 [1980]), or hygromycm 
(Sugden dot, Mol. Cell. BioL. J: 410-413 [1985]). The toe examples given above employ bacterial genes 
under eukaiyotic control to convey resistance to the af^sropriate drug G418 or neomycin (geneticin), xgpt 
(mycophenolic addX or hygromycin, fcspectively. 
5 Another example of suitable selectable maikers for mammalian cetis are those tttai enable the 

idrntifkirtiftn fff ftritpptwit tn micg up the micleie acid, sucfa as DHFR or thymidine kinase. Themammalian 
ceU tmnsfinmams are placed under selection pressure diat onfy 

by virtue of having taken up the marker. Selection pressure is itnposed by cuhuring the trsnsfbimants under 
conditiais in v^iicfa die concentration of selectkm agem m the medh^ 

xo to amplification of bodi the selectkm gene and the DNA that encodes die polypeptide variant Amplification is 
the process by which genes in greater demand for the production of a protein critical for growth are reiterated 
in tandem within die chromosomes of successive generations of recombinant cells. Increased quantities of die 
polypeptide variant are syndiesized from die amplified DNA. Odier examples of amplifiable genes mchide 
meodlothionein-l and -II, preferably primate metallothionein genes, adenosine deaminase, ornithine 

15 decarboxylase,^. 

For example, cells transfonmed widi die DHFR selection gene are first identified by cu iniring al 1 of di e 
transformants in a culture medium that contains mediotrexate (Mtx), a competitive antagonist of DHFR. An 
i4>propriate host cell viiiat wiM-type DHFR is employed is die Chinese hamster ovaiy (CKO) cell line deficient 
in DHFR activity, prepared and propagated as described by iMfluhandaiflsm Pmc. Natl Acad. Sci. USA. 22- 

20 4216(1980). The transformed ceUs are then exposed to increased levels of mediotrexate. Hiis leads to die 
syndiesis of multiple copies of die DHFR gene, and, concomitantly, multiple copies of other DNA comprising 
die expression vectors, such as die DNA encoding die polypqitide variant This amplification technique can be 
used .widi any od>crwisc suitable host, eg., ATCC No. CCL61 CHO-Kl, notwidislanding die presence of 
endogenous DHFR it, for example, a mutant DHFR gene that is highly resistam to Mtx is employed (EP 

25 117,060). 

Atonatively, host cells (particularly wikl4ype hosts diat contain endogenous DHFR) transformed or 
co-transformed widi DNA sequences encoding the polypqttide variant, wild-type DHFR protein, and anodier 
selectable maricer sudi as aminoglycoside 3-pho^otran$ferBse (APH) can be selected by cell growdi in medhrni 
comaining a selection agem for the selectable marker such as an aminoglycosidic antibiotic, eg:, kanamycm, 
30 neomycin, or G418. See U.S. Patent No. 4,965,199. 

A suitable selection gene for use in yeast is the trp\ gene present in the yeast piasmid YRp7 
(Stinchoomb et oL, Ussm. 282: 39 [1979]; Kingsman & aL, Qbos* 1- 141 [1979]; or Tsdicmper et al,, Qsn&. 
ifl: 157 [1980]). The trpl gene provides a selection marker for a mutant strain of yeast lacking die ability to 
grow in tryptophan, for example, ATCC No. 44076 or PEP4-1 (Jones, ficDCds. 22: 12 [1977]). The presence 
35 of the trp\ lesion in the yeast host cell genome then provides an effective environment for detecting 
transformation by growth in die d»e»ce of tryptophan. Similarly, leul-deficient yeast strains (ATCC No. 
20,622 or 38,626) are complemented by known pUsmids bearing the Ieu2 gene. 

Inaddition, vectcHs derived fiom die 1.6 ^m circular piasmid pKDl can be used for tran^ rmationof 
Klto^offtycesyeasxs, Bianchie/dL,£uziJ3safiLi2: IS5(1987). More recently, an expression system for 
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2:135(1990). Sbible multi-copy oqvtsskm vectm £v 

by industrial strains of Khfjrveromyces htve also been disclosed. Fleer er dL, Bio/Tcdmologv. » 968-975 
(1991). 

(iv) Promoter Crmi|w«i>nt 

Eaqprcssioa and ck»iagvectora usually contain a p nm and 
is opetably linked 10 the nucleic add Promotere are untranslated sequences located lystream (5*) to the start 
codon of a structural gene (generally widiin about 1 00 to 1 000 bp) that control the transcription and translation 
of particular nucleic add sequence, sudi as the nucleic acid sequence of the polypeptide variants herein, to %^ich 
they are operably linked. Sudi promoters typically foil into two chisses, inducible and constitutive. Inducible 
promoters are promoters that initiate increased leveb of transorqition from DNA under tbeir control in response 
to some diange in cuhure conditions, the presence or absence of a nutrient or a change in temperature. At 
this time a large number of promoters recognized by a variety of potential host celb are well known. These 
promoters are operably linked to tite DNA eiicoding the polypeptide variam by remov^ the 
source DNA by restriction enzyme digestion and insertmg the isolated promoter sequence into the vector. The 
promoter of the polypeptide of interest and many heterologous promoters may be used to direct amplification 
and/or expression of the DNA. However, heterologous promoters are prefenred, as tiiey generally permit greater 
transcription and higher yieWs of recombinamly produced polypeptide variant as compared to tfie promoter of 
the polypeptide of interest 

. Pnmoterssuitabfeftir use with prakaryotic hosts inchide the p-lactainaM 
(Chang er aL , £iaDU& 211:615 [1978]; and Goeddel ei al.. Nature. 281 : 544 [ 1979]), alkalme phosphatase, a 
tryptojAan (trp) prranoter system (Goeddel, Nud«cAcid« Rk.. j: 4057 [1 980] and EP 36,776) and hybrid 
promoters such as the tac promoter (deBoer et aL. Proc, Natl. Acad Sei USA. 80: 21 .2^ [I Q8^]V However, 
odier known bacterial promoten are suhable. Ilieirnudecrtide sequences have been published, thereby enabling 
a skilled worker operably to ligate them to DNA encoding the polypqnide variant (Siebenlist ei aL . ^ 2Q: 269 
[1980]) using linkers or adaptors to supply any required restriction sites. Pro mote r s for use in bacterial systems 
also will contain a Shine^Dalgamo (S.D.) sequence q)erably linked to the DNA encoding die polypeptide variant 
Promocer sequences are known for eukaryotes. Virtually all eukaryotic genes have an AT-rich region 
k)cated^^ximately 25 to 30 bases upstream from the she where tnn^^ Another sequence 

found 70 to 80 bases tqpstream from fte start of transcr^on of many genes is a CXCAAT ^ 
be any nucleotide. At 3' end of most eukaryotic genes is an AATAAA sequence tiiat may be the signal for 
addition of the poly A tail totiie 3' endof the coding sequence. All of these sequences are suitably inserted into 
eukaryotic expression vectm. 

Examples of suitable promoting sequences for use with yeast hosts include the promoters for 3- 
phosphoglycende kinase (Hhzeman er oL, J.Biol. Chem„ 222: 2073 [1980]) or other glycolytic en^es (Hess 
^ a/., J. Adv. Enzvmg Rgy.. 2: 149 [1968]; and Holland, Biochemistry. H: 4900 [1978]), such as enolase, 
glycerdddiyde-3ixhospfaate dehydrogenase, hexokinase, pyruvate decarboxylase, phospho&uctddnase, glucose- 
6-phosphate oomerase, 3-phoq>hoglycerate mutase, pyruvate kinase, triosepboqxhate isomerase, i^osphoghicose 
isomerase, and glucokiittse. 
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Other yeast promotm, which ait iDducible jwomotcrs having tt» additional advantage of transcription 
controlled by growth conditions, are the pnnnoter regions for alcohol dehydrogenase 2, isocytochrome C, acid 
phosphatase, degradative engines associated wxdi nitrogen met^lism, metalloduonein, glyceraldehyde-3-phos- 
phate dehydrogenase, and enzymes respcmsible for mahose and galactose utilization. Suitable vectors and 
5 pnanotcrs for use in yeast cxjffessioiiaie further descnT)ed^ Yeast cnhanceis also 

are advantageously used with yeast promtrtecs. 

Transcripdim of polypeptide variant from vectors m mamnialian host cells is controlled, for example, 
by promoters obtained from the genomes of viruses such as polyoma vims, fowlpox virus (UK 2,21 1,504 
published 5 July 1989), adenovirus (such as Adenovirus 2X bovine papilloma virus, avian sarcoma virus, 

10 cytomegalovirus, a retrovirus, hepadtis-B virus and most preferably Simian Virus 40 (SV40), from heterologous 
mapiynalian prcmioters, eg., the actin promoter or an immunoglobulin promoter, from heat-shodc promoters, and 
from the promoter normally associated with the polypeptide variant sequence, provided such promoters are 
compatible with the host cell systems. 

The eariy and late promoters of the SV40 virus are conveniently obtained as an SV40 resoiction 

15 fragmem that also contains the SV40 viral (»igin of replication. Fierser a/., tlfimi£» 22^:113 (1978): Mulligan 
and Berg, SfiiSOfiS, 2&S: 1422-1427 (1980); Paviakis eiaL, Pmc Natl. Acad. Sci. USA. Z&: 7398-7402 (198 1 ). 
The immediate early promoter of the human cytomegalovirus is conveniently obtained as a Uindlll E restriction 
fragment Greenaway etaL.GSD^ IS* 355-360 (1982). A system for expressing DNA in mammalian hosts using 
the bovine ps^illoma virus as a vector is disclosed in U.S. Patent No. 4,4 19,446. A modification of this system 

20 is described in U.S. Patent No. 4,601,978. See also Ciray a a/., IjatUEB. 22S: 503-508 (1982) on expressing 
cDNA encoding immune interferon in monkey cells; ^eseiai., Uma. 22Z: 598-601 (1982) on expression 
of human P-interferan cDNA in mouse cells under the control of a thymidine kinase promoter from herpes 
simpfcx virus; Canaani and Berg, Pmc Natl. Acad. ScLUSA. 2: 5166-5 170 (1982) on exirasion of the human 
interferon p 1 gene in cuhured mouse and rabbit cells; and Gorman er oil, Proc. Natl. Acad. Sci. USA. 2S: 6777- 

25 6781 (1982) on expression of bacterial CAT sequences in CV-I monkey kidney cells, chicken embryo 
fibroblasts, Chinese hamster ovary cells. HeLa cells, and mouse NIH-3T3 cells using the Rous sarcoma virus 
long terminal repeat as a promoter. 

(v) Enhancer Element Comoonert 

Transcription of a DNA encoding the polypeptide variant of th b invention by higher eukaryotes is often 
30 increased by inserting an enhancer sequence into the vector. Enhancen are ci»«cting elements of DNA, usually 
about from 10 to 300 bp, that act on a promoter to increase its transcription. Enhancers are relatively orientation 
and position independent, having been found 5* (Laiminscr aH, Proc. Natl. Acad. Sci. USA. 28: 993 [ 1 981]) and 
3* (Lusky et al., Mol. Cell Bio.. 2: 1 108 [1983]) to the transcription unit, whhin an intron (Banerji ef aA, £fiil. 
21: 729 {1983}), as well as within the coding sequence itself (Osborne et oL, Mol. Cell Bio.. 4: 1293 [1984]). 
3 5 Many enhancer sequences are now known frmn mammalian genes (globin, elastase, albumin, a*fetoprotein. and 
insulin). Typically, however, one will use an enhancer from a oskaryotic cell virus. Examples include the SV40 
enhancer on the late side of the replication origin (bp 100-270X the cytomegalovirus cariy promoter enhancer, 
the polyoma enhancer n the late side of the replication origin, and adenovirus enhancers. See also Yaniv, 
Naftire-297 : 17-1 8 (1982) on enhancing elements for activatkm of eukaryotic promoters. The enhancer may be 
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spliced into the vector at a position 5* or 3' to the polypeptide-vanant-encoding sequence, but is preferably 
located at ft site 5* from the promoter. 

(vi) Transcription TcnntTMitiftn rnmnnnwit 

E^^tression vectors used ID eukaiyotich st ceils (yeasty fungi, insect, plant animal human* or nucleated 
cells from other multicellular organisms) will also contain sequences necessary for &e termination of 
transcription and for stabilizing the mRNA. Such sequences are commonly available from the 5* and, 
occasionally 3*, untranslated regions ofeukaryotic or viral DNAs or cDN As. These regions contain nucleotide 
segments transcribed as potyadenylated fragments in the untranslated portion of die mRNA encoding the 
polypeptide variant 

(vin Construction and Analysis of Varinr^ 

Construction of suitable vectors containing one or more of the above-listed components employs 
standard ligation techniques. Isolated plasmids or DNA fragments are cleaved, tailored and re-Iigated in the 
form desired to generate die phismids required. 

For analysis to confirm correct sequences in plasmids constructed, the ligation mixtures are used to 
transform £. coli K12 strain 2W (ATCC 31,446) and successful transfmrnants selected by ampicillin or 
tetracycline resistance where appropriate. Plasmids from die transfcxmants are preimd, analyzed by restri 
endonuclcase digestion, and/or sequenced by die method of Messing et ai,. Nucleic Acids Ut^ 2: 309 (1981 ) 
or by the method of Maxam er a/.. Methods in Engymnlngy (loan) 

fviii) Transient EypreMinn V«tn«: 

Particularly useful in die practice of this invention are expression vectors that provide for the transient 
expression in mammalian cells of DNA encoding die polypeptide variant In general transient expression 
involves die use of an expression vector duit is able to replicate efficiently m a host cell such ttiat the host cell 
accumulates many copies of the ex^nession vector and, in mm, syndiesizes high levels of a desired polypeptide 
encoded by die expression vector. Sambrooke/ a/., jirpm, pp. 16.17 - 16^. Transient expression systems, 
comprising a suitable expression vector and a host cell, allow for die convenient positive identification of 
polypeptide variants encoded by cloned DNAs, as well as for die rapid screening of such polypeptides for desired 
biological or physiological properties. Thus, transient expression systems are particularly useful in die in vemion 
for purposes of identifying polypeptide variants diat are biologically active. 

(ix) Suitable Exemnlaiv Vmrfmitg Cell Vectors 

Odier mediods, vectxxs, and host cells suitable for adaptation to die synthesis of die polypeptide variant 
in recombinant vertebrate cell culture are described in Gediing cr oA. Nature. 222: 620-625 (1981); Mantei es 
aL, 2Si: 4(M6 (1979); EP 1 17,060; and £P 1 17,05S. A particularly useful plasmid for mammalian cell 
culture production of die polypeptide variant is pRK5 (EP 307,247) or pSV16B (WO 91/08291 published 13 
June 1991). The pRK5 dwivative pRK5B (Hobnes et al.. Science. 253 : 1278-1280 [1991]) is particularly 
suitable herein for such e)q;)res$ioo. 

D. Selection and Transformation of Host Celk 

Suitable host cells for clonmg or expressing die vectors herein are die prokaiyote, yeast, or higher 
eukaryote cdk described above. Suitable prokaryotes for diis purpose include eubacteria. such sb Gram-negative 
or Graohpositive wganisms. for example, Enteiobacteriaceae such as Escherichia, eg., E. coli^ Enierobacter, 
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Erwinia, Klebsiella, Proteus, Salmonella, eg., Salmtmella typhiaaarium, Serratia, eg., Serratia marcescans, 
and Shigella, as well as Bacilli such as B, subtilis and B, lidmiformis (eg.. A lichentformis 41P disclosed in 
DD266,710published 12 April 1989X/'imft9mowir such as ?.aeii^^ Onepreferred 
£ coli cloning host is £ cob' 294 (ATCC 3 1 ,446), aUiough odier strains such as £ co/i B, £ co/i X 1 776 ( ATCC 
5 31437X£co^'DH5a,aDd£coA'W3110(ATCC27325)8icsuitable. These examples are ilhistrative rBtha- 
than limiting. Sindn WSllOisonepflfticulariyprefenedhostorpvtnt 

fiv ctconibinam DN A product fenneniaticms. I^rtferabfy, the host ceU secretes minimal anioums of (mteoly^^ 
enzymes. For example, strain W3i 10 may be modified to effect a genetic mutation in the genes encoding 
proteins endogenous to the host, wifli examples of such hosts iochidiz^£ co//W3nOstrain 1A2, which has the 

10 complete genotype toni4; £ eoli W3 1 10 strain 9E4, which has the complete genotype tonAA ptr3; £ coli 
W31 10 strain 27C7 (ATCC 55 J44), which has the complete geno^ tonA ptr3 phoAAElS A(argF'lac)l69 
AdegP hQmpThad\ £ coli W3l 10 strain 37D6, which has the complete genotype tonA ptrS phoAAElS 
dfargF'lac)l69 AdegP AompT^bs? UvG kmf; £ co// W31 10 strain 40B4, which is strain 37D6 with a non- 
Icanamycin resistant degP deletion nnttatiim; and an £ coli strain having mutam periplasmic protease disclosed 

15 in U.S. Patent No. 4,946.783 issued 7 August 1990. Ahemativety, in vitro methods of cloning, eg.. PGR or 
other nucleic acid polymerase reactions, are suitable. 

In addition to prokaiyotes, eukaryodc microbes such as filamemous fungi or yeast are suitable cloning 
or expression hosts for polypeptide-variant-encodmg vectois. Saccharomyces cerevisiae, or common baker's 
yeast, is the most commonly used among lower eukaiyodc host microorganians. However, a number of other 

2 0 genera, species, and strains are conunonly 8vaiUd>le and useful herein, such as Schizosaccharomyces pombe 

(Beach and Nurse, Namre. 22fi: 140 [1981]; £P 139,393 published 2 May 1985); Kli^^omyces hosts (U.S. 
Patem No. 4,943.529; Fto et a/., supra) sudi as, eg., K. tactis (M W98-8C. CBS683. CBS4574; Louvencoun 
et aL\ J. Bacterio!.. 737 [1983]), K, fragilis (ATCC 12,424X fL bulgaricus (ATCC 16.045), K. wickeramii 
(ATCC 24.178X K. waltii{AlCC 56.500). IL drosophilarum (ATCC 36,906; Van den Berg et al,. supra), K , 
25 thermotolerans^BtidK imurxianus: yarrcwia (fP 402S26); Pichia pastoris (f^ 183,070: Sreekrishna ciii/.,L 
Basic Microbiol., 28: 265-278 [1 988]); CamUda: Trichoderma reesia (£P 244 J34); Newrospora crassa (Case 
et at, Proc. NatL Acad. Sci. USA, 26: 5259*5263 [1979]); Schwanniomyces such as Schwanniomyces 
occidentedis (EP 394,538 published 31 October 1990); and filamentous fungi sudi as, e.g., Neurospora, 
Peniciilium, Tofypocladium (WO 91/00357 published 10 Januaiy 1991), and Aspergillus hosts such as A. 

3 0 mdtdans (Ballance et al, , Biochem. Biophvs. Res. Commmi^ 112: 284-289 [1 983]; Tilbum et al,, Qsn^ 2fi: 205* 

221 [1983]; Yehon et al., Proc. Natl. Acad. Sci. USA. SI: 1470-1474 [1984]) and A. niger (Kelly and Hynes, 
EMBOl. 4: 475-479 ( 1985]). 

Suitable host ceils for the production of die polypeptide variant are derived from multicellular 
organisms. Such host cells are capable of complex processmg and glycosylation activities. In principle, any 
35 higher eukaryotic ceil culture is woricable, whether from vertebrate or inveitefarate cuhure. Examples of 
invertebrate cells include plant and insect cells. Nimierous baculovind strains and variants and corresponding 
permissive insect host cells fiom hosts such as Spodt^tera frugjiperda (caterpillar), Aedes aegypti (mosquito), 
Aedes albopictus (mosquito). Drost^hila melanogaster (fruitfly). and Bombyx marl have been identified. See, 
eg.. Luckow et aL, Bio/Technolopv. 47.55 (1988); Miller er o/l, m Genetic Engineering. Setlow, J.K. et al. 
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eds^ Vol 8 (Plenum Publishing, 19S6X pp. 277-279; and Maeda etaL, liBtUfi. 212: 592-594 (19S5). A variety 
fviial strains for transfectkn ait pubUclyavail^^ variant fAtaogrtphacalifmTticaWWBnd 

tfaeBm-5strain fA»ri^m<wv>n^, and socfa viruses nuy be used as the vi^ 
invention, particularly for transfocticm of Spodoptera fiitgfperda cells. 
5 Plant oeU cultures ofcaltoii,c(»ii,potat(n soybean, petunia, toniato, 

Typically, plant cells are transfected by incubation with certain sowns of the bacterium Agrobacterium 
twrufiKiem^ which has been previously manipttlated to contain the DNA. During incubation of the plant cell 
cuhme witfi A, tamrfaciem^ the DNA encoding tiie polypeptide variant is transferred to the plant cell host such 
that it is transfected, and wilL under appropriate conditions, ex{mssth^ In addition, regulatory and signal 

10 sequences compatible with plant cells are available, such as nopaline synthase promoter and polyadenylation 
signal sequences. Depickcr g/aZ . J. Mol. Appl. GetL. 1: 561 n982V In addition, DNA segments isolated from 
teup^ream region of the T^NA 790 gene are capable ofactivating or increasixig transcription levels of plant- 
expressible genes in recombinant DNA-containing plant tissue. EP 321,196 publidied 21 June 1989. 

However, interest has been greatest in vertebrate cells, and propagation of vertebrate cells in culture 

15 (tissue culture) has become a routine procedure in recent years rrissue Culture. Academic Press, Kruse and 
Patterson, editors [1973]). Examples of useful mammalian host cell lines are monkey kidney CV] line 
transfomied by SV40 (COS-7, ATCC CRL 1651); human embiyonic kidney line (293 or 293 cells subcloned 
for growth in nispension cuhure. Graham gg^. J. Gen ViroL 36: 59[1977]);baby hamster kuiney cells (BHIC 
ATCC CCL 10); Chinese hamster ovary oells/-DHFR (CHO. Urlaub and Chasin, Proc. Natl. Acad. Sci. USA. 

20 22: 42 1 6 [ 19S0]); mouse Sertoli cells (TM4, Mather, BtoL Reprod.. 22: 243-25 1 [ 1 980]): monkey kidney cells 
(CVl ATCC CCL 70); African green monkey kidney cells (VERO-76, ATCC CRL-1587); human cervical 
carcinoma celk (KELA, ATCC CCL 2); canine kidney cells (MDCK, ATCC CCL 34); buffalo rat liver celb 
(BRL 3A, ATCC CRL 1442); human lung cells (W138, ATCC CCL 75); human liver cells (Hep G2, HB 8065): 
mouse mammary mmor celk (MNfT 060562. ATCC CCL5 1); TRl cells (Madier et aL, Annals N Y, Acad. Sci.. 

25 2S1: 44-68 [1982]): MRC 5 cells; FS4 cells: and a human hepatoma line (Hep G2). 

Host cells are transfected and preferably transformed with the above-described expression or cloning 
vectors of this invention and cultured in conventional nutrient media modified as appropriate for inducing 
promoters, selecting transformants, or amplifying the gen^ encoding the desired sequences. Tiansfectkn 
refers to the taking up of an expression vector by a host cell whether or not any coding sequences are in fact 

3 0 expressed. Numerous methods of transfection are known u) the ordinarily skilled artisan, for example, CaPO^ 
and electroporation. Successful transfectkm is generally recognized when any indication of the operation of this 
vectOT occurs within the host cell. 

Transformation means introducing DNA into an organism so that the DNA is replicable, either as an 
extrachromosomal element or by chromosomal integrant Depending on the host cell used, transformation is 

35 done using standard techniques Bppropnatc to such cells. The calcium ueatment employing calcium chloride, 
as descnbcd in section 1.82 of Sambrook et oL, supra, or electroporation is generally used for prokaryotes or 
other cells that contain substantial cell-wall barriers. Infection whfa Agrobacierium tumefiaciens is used for 
transformation f certain plant cells, as described by Shaw et aL, figis. 22: 3 15 (1983) and WO 89/05859 
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published 29 June 1989. in addition, plants mny be transfected using ultrasound treatment as described in WO 
91/00358 published 10 January 1991. 

For mammalian cells without such cell walls, the calcium phosphate precipitation meAod of Graham 
and van der Eb, Virology. SZ- 456-457 (1978) is prefenred. GeneFal aspects of mammalian cell host system 
5 transforawtions have been described by Axel in U^. Patent No. 4^99^16 issued 16 August 1983. 
Transfomiations into yeast are typically carried out according to the method of Van Solingen er oL , 3. Bact.. i2Q : 
946 (1977) and Hsiao et ai., Prec. Natl. Acad, Set. rUSAV 2fi: 3«29 (1979). However, other methods for 
introducing DNA into cells* sudi as by nuclear microinjection, electroporation, bacterial protoplast fusion with 
intact cells, or polycations, e;., polybrene, polyomitfaine, ere, may also be used. For various techniques for 
10 transforming manunalian cells, see Keown et al,. Methods in Enzvmologv. 122- 527-537 (1 990) and Mansour 
el of., mm. 32&: 348-352 (1988). 

£. Cuhurinytfie Host Cells 

Prokaryoticcelh used to produce the polypeptide variant ofthis invention are cultured m media 
as described goierally in Sambrook ef a/., ji^ra. 

15 The manunalian host cells used to produce the polypeptide variant of this invention may be cultured 

m a variety of media. Commercially available media such as Ham's F-10 (Sigma), F-12 (Sigma)^ Minimal 
Essential Medium ([MEM], Sigma), RPMM640 (SigmaX Dulbecco's Modified Eagle's Medhnn ([D-MEM], 
Sigma), and D-MEM/F-12 (Gibco BRL) are suitable for cuhuring the host cells. In additicm, any of the media 
described, for example, in Ham and Wallace, Mctfiods m Enzvmolopv- SS; 44 (1979); Barnes and Sato, Anal. 

20 BiodifiDL, iii2: 255 (1980); U.S. Patent Nos. 4,767,704; 4,657,866; 4,927,762; 5,122,469; or 4^60.655; U.S. 
Patent Re. No. 30,985; WO 90/03430; or WO 87/001 95 mxy be used as cukure media for the host cells. Any 
of these media may be suj^lemented as necessary widi hormones and/or other growth factors (such as insulin, 
transferrin, aprotinin, and/or epidermal growth fiKtor [£GF])> salts (such as sodhnn chloride, calcium, 
magnesium, and pho^hateX buffers (such as HEPESX nucleosides (such as adenosine and thymidineX antibiotics 

25 (such as Gentamycin''^ drug), trace etoients (defined as inorganic compounds usually present at fmal 
concentrations in the micromolar range), and ghicose or an ecpiivalem energy source. Any other necessary 
suiylements may also be inchided at Impropriate co ntc n tr ali o M s that would be known to those skilled in the art. 
The culnireccmditions, such as tempera&ire,pH, and the Iflce, are those previously us^ selected 
for expression, and will be ^parent to the ordinarily skilled artisan. 

30 in general, principles, protocols, and practical techniques for maximizing &e productivity of in vitro 

mammalian cell cuhures can be found in Mammalian Cell Bfotechnologv: a Practical Approach. M. Butler, ed. 
(IRL Press, 1991). 

The host cells referred to in this disclosure encompass cells m in vitro culture as well as cells that are 
widiin a host animal. 

35 ' F. Detecting Gene Ampliffegtion/Expression 

Gene amplification and/or expression may be measured in a sample direaly, for example, by 
conventional Soudwm blotting, nor^em bkming to ([uamitate the transcription of mRNA (Thomas, Proc. Natl. 
Acad. Sci. USA. 22: 5201-5205 [1980]), dot blotting (DNA analysis), or in situ hybridization, using an 
^ipnypriately labeled probe, based on the sequences provided herein. Various labels may be employed, most 
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commonly radioisotopes, paiticulariy ^P. However, other tediaiques m^ also be employed, such as using 
biotxn-modified nucleotides for introduction into a polymicieotide. The biotin then serves as the site for binding 
to avidin or antflxxiies, which be labeled widi a wide variety of labels, such as radionuclides, fluorescers, 
enzymes, or the like. Ahematively, antibodies may be employed that can recognize ^)eciiicdupl»^ 
5 DNA duplexes, !UM duplexes, and DhU-RNA hybrid duplexes or DNA*protei^ The antibodies in 

turn may be labeled and the assay inay be carried out where the duplex is bound to a surCace, so that upon the 
fbnnation of duplex on the surface, the presence of antibody bound to the duplex can be detected. 

Gene expression, ahematively, may be measured by immunological methods, such as 
immunohistodiemical staining of tissue sections and assay of cell culture or body fluids, to quantitate directly 

10 the expression of gene product With inunonohistochemical staining techniques, a cell sample is prepared, 
typically by dehydration and fixation, followed by reaction with labeled antibodies specific for the gene product 
coupled, where the labels are usually visually detectable, such as enzymatic labels, fluorescent labels, 
luminescent labels, and the like. A particularly sensitive staming technique suitable for use in the present 
tnvemion is described by Hsu et al,. Am. J. Clin. Path.. Ji: 734-73S (1980). 

15 Antibodies useful for inrnmnohistochemical staining and/or assay of sample fluids may be either 

monoclonal or polyclonal, and may be prepared in any mammal. Conveniently, the antibodies may be prepared 
against a polypeptide variant as described further in Section 4 below. 
G. Purification of Polvpeptide 

Ifthe variant is produced intracelhihuly, as a first seep, the particulate debris, ehher host cells or lysed 
20 fragments, is removed, for example, by centrifiigation or ultrafiltration; optionally, the protein may be 
concentrated with a ccmunercially available protein concentration fitter, foDowed by separating the polypeptide 
variant from other impurities by one or more steps selected from inununoafiinity chromatography, ion-exchange 
cohmm fractionation (eg:, on dieihylaminoediyl (D£A£) matrices containmg carboxymethyl or sulfopropy! 
groups), chromatography on Blue-Sepharose, CM Blue-Sepharose, MONO-Q, MONO-S. lentil lectin-Sepharose, 
25 WGA-Sepharose, Con A-Sepharose, Ether Toyopearl, Butyl ToyopearL Phenyl Toyopearl, or protein A 
Sepharose, SDS-PAGE chromatogrq)hy, silica chromatography, chromatofocusing, reverse phase HPLC (e.g., 
silica gel with ^ypended aliphatic groiq)sX gel filtration using, eg., Sephadex molecular sieve or size-exclusion 
chromatography, chromatograiAy on cohmms ttat sdectwely bind the polypeptide, and etfaanol or ammonium 
sul&te precipitation. 

30 Recombinant polypqytide variant produced in bacterial culture may usually be isolated by initial 

extraction from cell pellets, folkywed by one or more concentration, sahing-out, aqueous ion-exchange, or size- 
exclu^cm chromatogia{^y steps. Additionally, tfie recombinant polypeptide variam may be purified by affinity 
chromatography. Finally, HPLC may be employed for final purification steps. Microbial cells employed in 
expression of nucleic acid encoding the polypeptide variam may be disrupted by any convenient m^od, 

3 5 inchiding frcczc-thaw cycling, sonication, mechanical disruption, or through the use of celt lysing agents. 

A protease inhibitor such as methylsulfonylfiuoride (PMSF) may be included in any of the foregoing 
steps to mhibit proteolysis and antibiotics may be inchided to prevent the growth of adventitious contaminants. 
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Within another mbodiment supenirtaim frtnn systTO secrete recombinam polypeptide variant 
into culture medium are fiist concentrated using a commcrciaUy available protein concentration filter, for 
example, an Amicon or MaivorePtmccmuteafiftiatianu^ Following Aeconccntiation step, the concentrate 
may be appKed to a suitable purification matrix. For example,! suitable afSnity matrix may comprise a ligand 
5 fortheiH0tBin,alcctmoranttT)odymolecutebo^ Ahennatively, an anion-cxchange resin 

may be employed, for exampk. a manix or aibsnatehavi^ Suitable matrices include 

aaylamide, agarose, dextian.ceUulo$c,orotherW««»>^<«^ Ahcmatively, 
a cation-exchange step may be employed. Suitable cation exdiangers include various insoluble matrices 
comprising sulfopropyl or carboxymediyl groups. SulfojOTpyl groiq» are particularly preferred. 

10 Finally, one or more RP-HPLC stq» cmpteying hydrophobic RP-HPLC media, e g., silica gel having 

pendant mediyl or other aliphatic groi^ may be employed to fiutha purify a polypeptide variant composition. 
Some or all of the foregoing purification steps, in various combinations, can also be employed to provide a 
homogeneous recombinant polypeptide variant 

Fcirocntation of yeast which produce die polypeptide variant as a secreted polypeptide greath simplifies 

X5 purification. Secreted recombinant polypeptide variant resulting fiom a large-scale fermentation may be purified 
by methods analogous to those disclosed by Urdal a aL, J, Ctm)matQB>» 22fi: 171 (19M). This reference 
describes two sequential RP-HPLC steps for purification of recombinant human IL-2 on a preparative HPLC 
cohmm. Alternatively, techniques such as affmity chromatography, may be utilized to purify the polypeptide 
variant 

2 0 Mammalian polypeptide variant synthesized in recombinam cutaire is characterized by the presence of 

non-human cell components, inchiding proteins, in amounts and of a character which depend on the purification 
steps taken to recover the polypeptide variam fi»m culture. These components wdinarily will be from yeast 
prokaryotic, or non-human higher cukaryotic origm and preferably are present m innocuous contaminant 
quantities, on the order of less than about 1% by weight 
25 H. rnvaigfit Modifiearions of Polviymride Variants 

Covalent modifications of polypeptide variants are included within the scope of tfiis invention. They 
may be made by chemical synthesis or by enzymatic or chemical cleavage of the variant polypeptide, if 
applicable. Other types of covalent modifications of the polypeptide variant are introduced into the molecule 
by reacting targeted amino acid residues of the polypqrtide variant with an organic dcrivatizing agent that is 

3 0 capable of reacting with selected side chains or the N- or C-terminal residues. 

Cysteinyl residues most commcmly are reacted with a-hak>acetates (and corresponding amines), such 
as chloroacetic acid or chloroacetamkk, to give carboxymcthyl or carboxyamidomcthyl derivatives. Cysteinyl 
residues also are dcrivatized by reactiwi whh bromotrifluOToacetcme, o-brwno-P-(5-imidozoyl)propionic acid, 
chloroacetyl phosphate. N-alkyhnalehnidcs, 3-nitro-2-pyridyl disulfide, methyl 2-pyridyI disulfide, p- 
3 5 chloromerturibenzoate. 2-chloromerouri-4-nitrophenol, or chk)ro-7-nittobenzo-2-oxa- 1 ,3-diazole. 

Histidyl residues are derivatized by reaction widi diethyipyrocarbcmate at pH 5.5-7.0 because this agent 
is relatively specific for the histidyl side cittin. Para-bromophenacyl bromide also is useful; die reaction is 
preferably performed in 0.1 M sodium cacodylate at pH 6.0. 
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Lysisyl and amino-tennina] residues are reacted with succinic or odier carboxylt acid anhydrides. 
Deriyatia9tionwidk these agents has the effect f reversing the charg f the lysinyl residues. Odier suitable 
reagents for derivatizing a-amino-containing residues include imidoesteis such as methyl picolinimidate, 
pyridoxal phosphate, pyridoxal, chlcmborohydride, trinttrobenzenesulfonic acid, 0-mediylisourea, Z4- 
5 pemanedione, and transaminase-cataiyzed reaction with glyoxyiate. 

Arginyl residues are modified by reaction with one or several conventional reagents, among them 
phenylglyoxal, 23-butanediotte, 1^-cyclohexanedione, and ninhydrin. Derivatiation of arginine residues 
requifes that the reactkn be perfonned in alkaline conditions because of die high pK, of die guanidine functicmal 
group. Furdiermore, diese reagents may react whh die groups of lysine as we!! as die arginine epsilon-amino 
10 group. 

The specific modification of tyrosyl residues may be made, with particular interest in introducing 
spectral labels into tyrosyl residues by reaction widi aromatic diazonium compounds or tetranitromethane. Most 
commonly, N-acetylimidizole and teffanitromediane are used to form O-acety] tyrosyl species and 3-nitro 
derivatives, respectively. Tyrosyl residues are iodinated using or to prepare labeled proteins for use in 

1 5 radioimmunoassay, the chloramine T method described above being suitable. 

Carboxyl side groups (aqwrtyl or gluiaroyl) are selectively modified by reaction with carbodiimides (R- 
N'^-N-R'), where R and R* are different alky! groups, such as l-cydohexyl-3-<2-moiphoIinyl-4-ediyl) 
carbodiimide or l-ethy]-3-(4-azonia-4«4^imediy!pentyl) carfoodiimtde. Furthermore, aspartyl and ghttamyl 
residues are converted to asparaginyi and glutaminyl residues by reaction with ammonium ions. 

20 Glutaminyl and asparaginyi residues are frequently deamidated to the corresponding glutamyl and 

aspartyl residues, respectively, these residues are deamidated under neutral or basic conditions. The 
deamidated fona of these residues falls widiin die scope of dits invention. 

Odier modifications include hydroxylation of proline and iysme, phosphorylation of hydroxy I groups 
of seryl or threonyl residues, methylation of the a-amino groups of lysine, arginine, and histidine side chains 

25 (T^ Creighton, Proteins! Stmcturc and Molecular PropertiejL W.H. Freeman & Co., San Francisco, pp. 79-86 
[1983]), acetylation of die N-terminal amine, and amtdation of any C-terminal carboxyl group. 

Anodier type of covalent modification of die polypeptide variant included within the scope of this 
invention comprises ahering the original glycosylation pattern of die polypeptide variant. By altering is meant 
deleting one or more carbohydrate moieties found in the polypeptide variant, and/or adding one or more 

3 0 glycosylation sites diat are not present in the polypeptide variant. 

Glycosylation of polypeptide variants is typically eidier N-linkcd or 0-linked. N-linked refers to the 
attachment of the carbohydrate moiety to the side chain of an aq>aragine residue. The tripeptide sequences 
a^saragine-X-serine and asparagme-X-threonine, where X is any amino acid except ywoline, are the recognition 
sequences for en^dnatic attachment of the carbohydrate moiety to die asparagine side chain. Thus, the presence 

35 of eidier of dicsc tripeptide sequences in a polypeptide creates a potential glycosylation site. 0-linked 
glycosylation refers to die attachment of one of the sugars N-aceylgalactosamine, galactose, or xylose to a 
hydroxyamino acid, most commonly serine or threonine, aldiough 5-hydroxyproline or 5-bydroxy lysine may also 
be used. 
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Addicioo of giycosylatkm shes to tlie polypqydde variant is conveniently accomplidied by altering &e 
anuno add sequence such tiiat it contains one or mm of the above*^^ 

gtycosyhoim sites). The ahemionnuy also be niade by the addition f; or sabstitution by, one or more serine 
or duccmitte lesidoes to the sequence of the original polypeptide variant (for O-linked glycosylation sites). For 
5 ease, the polypeptide variant amino acid sequence is prefenbly ahered through changes at the DNA level, 
particularly by mutating the DNA encoding the polypeptide variant at preselected bases such tiiat codons are 
generated that will translate into the desired amino acids. The DNA mutation(s) nay be made using methods 
described above. 

Another means of increasing the number of carbc^ydrate moieties on the polypeptide variant is by 
10 chemical or enzymatic coupling of glycosides to the polypeptide variant These procedures are advantageous 
in that they do not require productim of die polypqitide variant in a host cell diat has glycosylation capabilities 
for N- or O-linked glycosylation. Dependmg on the coupling mode used, the sugar(s) may be attached to (a) 
arginine and histidine, (b) free carboxyl groups, (c) iree sulfliydryl groups such as those of cysteine, (d) free 
hydroxy I groups such as those of serine, threonine, or hydroxyproline, (e) aromatic residues such as tfiosc of 
15 phenylalanine, QTOsinc. or tiyptophan, or (f) the amide group of ^mamine. These medwds are described in WO 
87/0S330 published 1 1 September 1987, and in Aplin and Wriston, rRC Crit Rev Biochem.. pp. 259-306 
(1981). 

Removal of any carbohydrate moieties present on the polypeptide variant may be accomplished 
chemically or enzymaticaily. Chemical deglycosylation requires exposure of the polypeptide variant to the 

20 conipoundnifhjoromedianesulfbnic add, or an eqdvalem compound. This treatment results in the cleavage of 
most or all sugars excqit the linking sugar (N-ace^iglucosamine or N-acetylgalactosamine), while leaving the 
polypeptide variant intact Chemical deglycosylation is described by Hakimuddin, et ai., Arch. BIOChCTni 
Biophvs.. 252: 52 (1987) and by Edge ei al,. Anal. Biochem.. JJfi: 131 (1981). Enzymatic cleavage of 
carbohydrate moieties on polypeptide variants can be achieved by the use of a variety of endo- and exo- 

25 glycosidases as described by Ihotakum et dL, Meth. Enzvmol.. 12S: 350 (1987). 

Giycosylatkm at potential glycosylation sites may be prevented by the use of the compound nmicamycm 
as described by Duskin cr a£, J. Biol. Chem.. 257 : 3 105 (1982). Tunicamycin blocks the formation of proiem-N- 
glycoside linkages. 

Another type of covalent modification of the polypeptide variant comprises linking the polypeptide 
3 0 variant to one of a variety of nonproteinaceous polymers, eg., polyethylene glycol, polyprc^lene glycol, or 
polyoxyalkylenes, in die manner set fortii in U^. Patent Nos. 4,640.835; 4,496,689; 4301,144: 4,670.417; 
4,791.192 or 4,1 79337. 

3. Therapeutic ComnnsitiQns; Administration of Variant 

Uses of anti-CD18 variants include anti-Macl/anti-neutrophil as well as anti-LFA-1 applications. If 
35 the polypeptide variant acts as an antibody it may optionally be fused to a second polypeptide and the antibody 
or fuskm thereof m«y be used to isolate and purify the protein to which it binds from a source such as a CD 1 1 
or CDl 8 antigen . hi anotho' embodiment, the invention provides a method for detecting CD 1 1 a or CD 1 8 //i vitro 
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or in vivo comfffising contacting the anti-CDl la or CD18 antHxidy fragment variant herein with a sample, 
espedally a senim sample, saspected of coitaiDing the COl la or CD18 and detecting if binding has ccuned. 

The polypeptide variant herein is also suitably used in quantitative diagnostic assays as a standard or 
control against which samples containing unknown quantities f die polypeptide variant may be prepared. 
5 Iherapeutic fonnuiadcms of tiie polypqitide variant for hs particular indication are prepared for storage 

by mfacing the polypeptide variant having die desired degree of purity with optional physiologically acceptable 
carrieis, excipients, or stabUizers fRemington's Pharniacetitical Sdencyy^ iddi editiim, Oslo, A., Ed., [I9«01), 
in die form oflyopbilized cake or aqueous solutions. Acceptable caniers,excipients, or stabilizers are non-toxic 
to recipients at the dosages and concentrations employed, and inchide Imffers such as phosphate, citrate, and 
10 odier organic acids; antioxidants including ascorbic acid; low molecular weight (less than about 10 residues) 
polypeptides; proteins, such as scrum albumin, gelatin, or immunoglobulins: hydrophilic polymers such as 
polyvinylpynolkkine; amino acids such as glycine, ghnamine, asparagine, arginine or lysine; monosaccharides, 
disaccharides, and other carbohydrates including glucose, mannose, or dextrins: chelating agents such as EDTA; 
sugar alcohols such as mannitol w sorbitol: salt-foming counter*ions such as sodhmi; and/or non-ionic 
IS surfactants such as Tween, Pluronics« or polyethylene glycol (PEGX 

Typically, the polypeptide variant used in the mediod of this invention is formulated by mixmg it at 
ambient temperature at the appropriate pH, and at die desired degree of purity, widi physiologically acceptable 
carriers, Le,. carriers diat are non-toxic to recipients at die dosages and concentraticms empkiyed. TTic pH of the 
formulation depends mainly on the particular use and die concentration of the variant, \m preferably ranges 
20 anywhere from about 3 to about 8. Fonnulation in a buffer at pH about 5-8 is one suitable embodiment 

The polypeptide variant for use herein is preferably acrile. Sterility is readily accomplished by sterile 
filtration through (0.2 micron) membranes. The polypeptide variant ordinarily will be stored as an aqueous 
solution, aldiough lyophilized fonnulations for reconsdtution are acceptable. 

The variant composition will be formulated, dosed, and administered in a fashion consistent with good 
25 medical practice. Faaors for considenition in this context include die particular disorder being treated, the 
partioilar mammal being treated, die clinical condition of die individual patient die cause of die disorder, die 
site of delivery of die agent, die mediod of administration, die scheduling of administration, and other factors 
known to medical practitioners. The **dierapeutically effective amount" of polypeptide variant to be administered 
will be governed by such considerations, and, for an LFA-1 antagonist variant b die minimum amount necessary 
30 to prevent ameliorate, or treat the LEA- 1 ^mediated disorder, including treating rheumatoid ardiritis, reducing 
inflammatory responses, inducing tolerance of immunostimuhmts, preventing an inunune response diat would 
result in rejection of a graft by a host or vice-versa, or prolongmg survival of a transplanted graft The amount 
of die variant is preferably below die amount diat is toxic to die host or renders die host significantly more 
susceptible to infections. 

3^ ^ A Seneral proposition, the initial phannaceutically effective amount of die LFA-1 antagonist variant 

adnunistered parentcrally per dose wiU be in die range of abom 0.1 to 20 mg/kg of pa^ 
widi the typical initial range of LFA-1 antagtmist variant used being about 0.3 to 15 mg/kg/day. 

As noted above, however, diese suggested amounts f LFA-1 antagonist variant are subject t agreat 
deal of dier^)cutic discretion. The key factor in selecting an d^proprim dose and scheduling is die result 
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obtained, as indicatod above. For example, relatively higher doses may be needed mit^^ r the treatment of 
OTgoing and acute graft rejectioo, or at a later stage for Ae treats f acute rejection, which is characterized 
by a sudden declme in graft ftmction. 

Where the subsequent dosing is less than 1 00% of niidal dosing, it is calculated oa the basis of daily 
5 dosing. Thus, for example, if the dosing regimen consists of daily injections of 2 mg/kg/day for 2 weeks 
followed by a biweekly dose of OJ mg/kg/day for 99 days, this would amount to a subsequent dose of about 
1.8% of the initial dose, calculated on a daily bass {It^ 2/day/100% - 0.5/14 days^ x - -1 .8%). Preferably, 
the subsequent dosing is less than about 50%, more preftnbly, less than about 25%, more preferably, less than 
about 10%. still more preferably, less than about 5%, and most preferably, 1» than about 2% of the initial 

10 dosing of LFA-1 antagonist variant 

To obtain the most efficacious resuhs for the LFA-1 antagonist variant, depending on the disorder, the 
initial dosing is given as dose to the first sign, diagnosis, appearance, or occurrence of the disorder as possible 
or during cemissi<ms of autoimmune disorders, fteferably the initial dosing begins before exposure to antigen, 
as in the case with transplanted grafts. Furthermore, whai the initial dosing is prior to or suostantially 

15 contonporaneous widi exposure to antigen, it is pi e fer red that the subsequent dosing is carried out for a longer 
period of thnc than Ac inhial dosmg. particularly for transplants, and that it be a continuous inteiminent 
maintoiance dose that need not be contmuous for the life of die patient 

Ihe fnefened scheduling for Hit LFA-1 antagonist variant is that the initial dosing (i.e., administered 
before at the time of the imdesired immune re^xmse at a dose administered no less frequently than daily up 

20 to and including continuously by tnftision) and the subsequem dosing is a dose administered periodically no more 
dian about once a week. More preferably, depending <m the specific disorder, and particularly for 
transplantation* the initial daily dosing is administered for at least about one week, preferably at least about 2 
weeks, after the exposure to antigen, e^., graft or initiation of an acute immune response (as in autoimmune 
disorders), and the subsequent dosing is administered no more than once biweekly (preferably once biweekly) 

25 for at least about 5 weeks, preferably for at least about 1 0 weeks, after the initial dosing is terminated. 

]n ano*cr preferred embodiment, particulariy if the antagcmist variant is a Fab or (FabOj of anti-CDl la 
or anthCD 1 8 antibodies, inrdal dosmg termniates from about I day to 4 weeks after transplantation has occurred, 
more preferably ftom abow I week to 3 wedcs, more pieficrably finom about 2 
from about 1 week before transplantation occurs up to about simuttaneousty whh the transplantation. 

30 The polypeptide variant is administered l>y any suitable means, inchiding parenteral, subcutaneous, 

intraperitoneal, intrapubnonary, and intranasal, and, if desired for local immunosuppressive treatment, 
intralesional administration (including perfusing or otherwise contacting the graft with the antagonist before 
transplantation). P ar ent e ral infusions include intramuscular, intravenous, intraarterial, intraperitoneal, or 
subcutaneous administration. In addition, the LFA-1 antagonist variant is suitably administered by pulse 

35 infuskm, particularly with declining doses of the LFA-1 antagonist variant Preferably die dosing of such variant 
b given by injections, most preferably intravenous or subcutaneous injections, depending in part on whedier the 
admmtstration is brief or chronic. 

The polypeptide variant herein need not be, but is optionally formulated with one r more agents 
currently used t prevent or treat die disorder in questi n. For example, in rheumat id artimtis, an LFA-1 
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antagonist vviamiMy be giveo in conjuncdoD with In addition, T cell recq>tor pq>dde 

dmpy is suit^ly an adjuna therapy to pvevto clinica] signs of autoimniune eocephalomyelitis. Of&ier ei al,, 
SsaSDSSu 2il' 43(M32 (1991). For transplants, the LFA*1 antagonist variant may be administered concunently 
with or separate from an immun sup|»essive agent as defined above, e.g., cyclosporin A, to modulate the 
5 immunosuppressant effect The effective amount of sudi other agents depends on the amount of LFA-1 
amagontst variam pcesem in die fiinnulation, die type of disonlCT 

These are generally used in the same dosages and with administration routes as used hereinbefore or about from 
1 to 99% of the heretofore employed dosages. 

The various autoinunune disorders described above are treated widi LFA-1 amagonist variants in such 

10 a fisafaicm as to induce inunune tolerance to the self antigen under attaA Inthisregard. 
autoimmune disorders resemble host versus graft rejection and are treated with LFA-1 antagonist variants in 
analogous feshion. However, in these disorders the patiem is afaeady mounting an immune response to 
antigen, unlike the case with transplants priOT to grafting. Thus, it is desirable to first induce and maintain a 
transient state of immunosuppression by conventional methods in such patients, eg., by the conventional use of 

15 cyclosporin A or other conventional immunosuppressive agents (alone or together with LFA-1 antagonbt 
variant), or to monitor the patient until the occuirence of a period of remission (an absence or substantial 
lessening of patiiological or functtonai indicia of the autoimmune response). 

Preferably, transiem immunosuppression is induced by T cell depletion using conventional therapy. 
This is then foltowed by die administration of the LFA-1 antagonist variant in csder to prevent rebound when 

20 the immunosuppressive inducing agent b wididrawn or when remission odienvise would abrogate. Alternatively, 
the remission patienf s condition is closely monitored for signs of flare, and immediately upon the initial 
functiona] or biochemical appeai - ance of flare the initial dosing regimen is started and continued until the flare 
subsides. The LFA-1 antagonist variant adminisnation during this period constitutes the initial dose described 
elsewhere herem. 

25 In the case of autoimmune disorders the initial dose will eictend id>out from I week to 16 weeks. 

Tliereafter, the kywer dose maintenance regimen of LFA-1 antagonist variant is administered in substantially the 
same fashion as set forth herein for the amdioratitm of graft <»- host rejection, although in some instances it is 
desirable to extend the subscquem or sustaining dose for iengtfiier periods than widi grafts. In an embodhnent 
of this invention, if an antigen or a composition containing the antigen is known to be re^xmsible for the 

30 autoimmune response then the antigen is administered to the patient (optionally with lL-1 and/or gamma 
interferon) after the initial LFA-1 antagonist variam dose and the antagonist variant dose maintained thereafter 
in order to suppress the regeneration of an autoimmune response against the antigen while minimally 
immunosuppressing the patient's re^nse io other antigens. 

The patiem ofitimally will be isolated, preferably in an aseptic environment such as is currently used m 

35 tran^huit inactice. at the time of initial treatment with LFA-1 antagonist variant The patient should be free of 
any infection. It is not necessary to sintain these conditions during die maintenance dose, and in fact diis is one 
of the advantages of this invention, i.e., that the patient is able to'mount a substantially nomial immune response 
to ambient antigens (other than the graft or self antigen) while being treated widi the maintenance dosing. 



-34- 



W 96102478 



PCT/US96A)4316 



The invention herein is paiticuiarly amenable to prolonging survival and increasing t lerance f 
transplanted grafts. The transplants are optionally functionally monitored systematically during the critical 
postt>peiative period (tfie first three mtmtfas) using any suitable proceed One such procedure is radionuclide 
intravenous anpogaphy using 99TcnM)crttcfanetate. as described bv Ihmnsen AaL. Acta Radiol.. 29 : 138-140 
5 (19S8). In addition, the meUiod herein is amenable to simultaneous, multiple organ perfusion and 
transplantation. Toledo>Perevra and MarfCgnae. Am. Stirg 46; 161.164 riQgOV 

In sOTie instances, it b desirable to modify the surfiice of tiie graft so as to provide positively or 
negatively charged groups* as by using a suitable amino acid or polymer or by attachmg a physiologically 
acceptable source of charged functicmal groups. For example, a negatively charged surftce is appropriate for 
10 blood vessels to diminish blood clotting. It also is desirable in certain circumstances to render the surfece 
hydrophobic or hydrophilic by coupling, eg., phenylalanine, serine or lysme to the sur&ce. An 
immunosuppressive ^ent paiticulariy effisctive for these surface modifications is glutaraldehyde. 

As mentioned above, before transplantation an effective amoum of the LFA-1 antagonist variant is 
optionally administered to induce tolerance of the graft The same dose and schedule as used for initial post- 
is transplantation may be employed. F urth ermore, prior to transplantation the graft is optionally contacted with 
a TGF-p composition as described in U.S. Pat No. 5,135,915, the disclosure of which is incorporated by 
reference. Briefly, the contact suitably involves incubating or perfusing the graft with the composition or 
applying the composition to one or more surfaces of die graft The treatment generally takes place for at least 
one minute, and preferably from 1 minute to 72 hours, and more preferably from 2 minutes to 24 hours, 
20 depending on such Actors as the concentration of TGF-p in the formulation, the graft to be treated, and the 
particular type of formulation. Also as noted, the graft is simultaneously or separately perfused with LFA- 1 
antagonist variant Perfusion is accomplished by any suitable procedure. For example, an organ can be perfixsed 
via a device that provides a constant pressure of perfusion having a pressure regulator and overflow situated 
between a pump and the organ, as described by DD 213,134 published Sept 5, 1984. Alternatively, the organ 
25 is placed in a hyperbaric chamber via a sealing door and perfusate b delivered to the chamber by a pump that 
draws the fhiid from the reservob while spent perfusate is returned to the reservoir by a valve, as described in 
£P 125,847 published Nov. 21, 1984. 

After the graft is treated, it is suitably stored for prolonged periocb of time or is used immediately in 
the transplant procedure. Storage life can be enhanced as described above by using a blood substinite in the 
30 formulation (eg., perfluorochemical cmulsicm), or by perfusing the graft with a formulation of a TGF-p 
containing chilled isotonic agent and anticoagulant followed by glycerol to allow for freezing of removed organs 
with no destruction of the cells, as described in JP 60061501 published April 9, 1985. In addition, the organs 
can be preserved with known perfusioi fluids (containing TGF-p and/or LFA-1 antagonist as noted) while the 
organs are cooled to freezing temperatures, to preserve the organ semi-permanently without cell nccrocytosis, 
35 as described by U.S. Pat Nos. 4,462,215 and 4,494385. 

Respecting cardiac transnhmts specificalhr. Parent gr cL. Crvobioloyv, 1 8! 57US7^ ri Qg n rgpnrtg that 
cold coronary perfusim prior to transplantation at 5*C increases protection of the homograft during the initial 
period of implantation. Any of diese procedures, or others, are within the scope of this invention if deemed 
necessary for graft preservation. 
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Befoietransplaniatk)n.thegr«flispieferab^ n, as by soaking tt 

inaphystoU^calsalinesoludoaorbyodiermeans^ypropri It is not desirable to rem ve 

the LFA-1 intag<»ist variant |Hior to transplantation. 

•Also, prior to tiaticpiMtrttttifw the bost is optionaUy given one or mare dcmor-specific blood transfusions 
5 to aid in graft survival. An alternative procedure is to stibject the host to total lymphoid irradiati 

after the transplantation operation. Any other pre-transplant procedures that would be beneficial to the particular 
tran^lant recipient can be perfbnned as pait of tiie method of this invention. 
4. Antibody Prcparatim (where Variant is Antibody-dCTivcd) 
0) Starting Matcriab and Mcftwb 

10 Immunoglobulins Og) <nd certam variants thereof are known and many have been prepared in 

recombinant cell cutaue. For example, see U.S. Patait No. 4,745,055; EP 256,654; EP 120,694; HP 125,023; 
HP 255.694; EP 266,663; WO 88/03559; Faulkner ef dl, Ija&lEC 22S: 286 (1982); Morrison, J- Immun.. 121: 
793 ( 1 979); Koehler et aL, Proc. Natl. Acad. Sci. USA. 22: 2 1 97 ( 1 980); Raso ef a/. , Cancer Res.. £1: 2073 
(1981); Momson fl/.. Ann. Rev. Immunol.- 7i 239 (1984); Morrison, SsiCD&Si 228^ 1202 (1985); and Momson 

15 er d/., Proc, Natl, Acad. Sci, USA. U: 6851 (1984). Reassofted immunoglobulm chains are also known. See, 
for example, U.S. Patent No. 4,444,878; WO 88/03565; and EP 68,763 and references cited therein* The 
inmiunoglobulin moiety in the polypeptide variants of the present invention may be obtained fma IgG- 1, IgC-2, 
lgG-3, or IgG-4 sulKypes, IgA, IgE, IgD, or IgM, but preferably from IgG*l or IgG-3. 

(ii) PolYdonal antibodia 

20 Polyclonal antibodies are generally raised in animals by muhiple subcutaneous (sc) or invaperitoneal 

(ip) injections of the relevant antigen and an adjuvant It may be useful to conjugate the relevant antigen to a 
lutein that is inununogenic in the speaci to be immunized, &g., keyhole limpet hemocyanin, serum albumin, 
bovine thyroglobulin, or soybean trypsin inhibitor using a bifimctional or derivatizing agent, for example, 
maleimidobenzoyi sulfbsuccinimide ester (conjugatitm through cysteine residues), N-hydroxysuccmhnide 

25 (through lysine residues), glutaraldehyde, succmic anhydride, SOClj. or R'N=C-NR, where R and R' are 
different alkyl groups. 

Animals are immunized against the antigen, immunogenic conjugates, or derivatives by combining 1 
mg or 1 pg of the p^ytide or conjugate (fv rabbits or mice, respectively) whh 3 volumes of Freund's complete 
adjuvant and injecting the solution intradermaDy at nndtiple sites. One month later the animab are boosted whh 

30 1/5 to 1/10 the original amount of peptide or omjugate in Freund's complete acijuvant by subcutaneous injection 
at multiple sites. Seven to 14 days later the animals are bled and the senim is assayed for antOxKly titer. Animals 
are boosted until the titer plateaus. Pteferably, the animal is boosted witfi the omjugate of^esanie antigen, but 
ccmjugated to a diffierent protein and/or through a different cross-lm^ Conjugates also can be made 

in recombinant cell culture as protein fusions. Also, aggregatmg agents such as alum are suitably used to 

3 5 enhance the immune response. 

(iii) Monoclonal antibodies 

Monoclonal antibodies are obtained from a population of substantially homogeneous antibodies, /.e, 
the individual antibodies comprising the population are identical except for possible naturally occurring 
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mutations that may be present in minor amounts. Thus, the modifier "monoclonal" indicates ihe character of the 
antibody as not being amixture of discrete antibodies. 

For example, the monockmal antibodies may be made using the hyMdoma method first described by 
Kohlcr and Miktein, Namre. 256 : 495 ( 1975X or may be made by recombmant DNA mcdiods (Cabilly d aJ. . 
5 sttpra). 

In the fayfandoma nwAod, a nmuse or odier appropriate host anim^ 
as herein^ve described to elicit lymphocytes that produce cr arc capable of producing antibodies that will 
specifically bind to the fvotein used for immunization. Ahematively, lymphocytes inay be inununtzed in virro. 
Lymphocytes then are fused with myeloma cells using a suitable fusing agent, such as polyethylene glycol, to 
10 form a hybridoma cell (Coding, Monoclonal AntibodiM! Princinles and Practice. pp^9-l03 [Academic Press, 
19861). 

The hybridoma cells thus prepared are seeded and grown in a suitable culture medhmi that preferably 
contains one or more substances that inhibit the growth or survival of the unfused, parental myeloma cells. For 
example, if the parental myeloma cells lack the enzyme hypoxanthine guanine phosphoribosyl iransferase 
1 5 (HGPRT or HPRT), the cuhurt medium for the hybridomas typically will include hypoxanthine. ainmopterin, 
and thymidine (HAT medium), which sub^anccs prevent the growdi of HGPRT-dcficicm cells. 

Preferred myeloma cells are those to fiise efficiently, snppoit stable high-level production of antibody 
by the selected antibody-producing cells, and are sensitive to a meditmi such as HAT medium. Among these, 
preferred myeloma cell lines are murine myeloma lines, sudi as those derived from MOPC-21 and MPC-) 1 

2 0 mouse tumors avail^le from the Salk Institute Cell Distribution Center, San Diego, California USA, and SP-2 

cells avaikble from die American Type Culture Collection, Rockville, Maryland USA. Human myeloma and 
mouse-human heteromyeloma cell lines also have been described for the production of human monockmal 
antibodies fKozfaor. J. Immunol, 133 : 3001 [loa^]; RmAHirw/r/ Monocloniil Antibody Production Technicnies 
and Applications. {^.51-63 [Marcel Dekker, Inc., New York, 1987)). 
25 Culture medium in which hybridoma cells are growing is assayed for production of monoclonal 

antibodies directed against the antigen. Preferably, the binding specificity of monoclonal antibodies produced 
by hybridoma celk is deicnnined by immunoprecipitation or by an in vitro binding assay, such as 
radioimmunoassay (RIA) or enzyme-lmked immunoabsorbem assay (ELISA). 

The binding affmity of the monoclonal antibody can, for example, be determined by the Scatchard 

3 0 analysis of Munson and Pollard, Anal. Biochem.. i^: 220 (1 9S0). 

After hyhridona cells are kientified that produce antibodies of the desired specificity, affinity, and/or 
activhy, the clones msy be subcloned by limiting dilutioi procedures and grown by standard methods (Coding, 
supra). Suitable culture media for this purpose include, fw- example, D-MEM or RPMI-1640 medium. In 
addition, the hyl^doma celb may be grown in vivo as ascites tumors in an animal. 
3 5 Hie monoclonal antibodies secreted by the subclones are suitably separated from the culture medium, 

ascites fluid, or serum by conventional immunoglobulin purification procedures such as, for example, protein 
A*Sepharose, hydroxylapatite chromatogrq>hy, gel electrophoresis, dialysis, or afHnity chromatography. 

DNA encoding the monockmal antibodies is readily isolated and sequenced using conventional 
procedures (e^., lousing Itgonucleotide probes that are capable f binding specifically to genes encoding the 
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heavy and light chains of murine iatibodics). The hybndoma cells serve as a preferred source of such DNA. 
Once isolated, the DNA be placed into escpression vectors, which are ±m transfected into host cells such 
as £ coli cells* sonian COS ceDs, Chinese hamster ovary (CHO) cells, or myekmia celb ihst do not therwise 
produce immunoglobulin protein, to obtain the synthesis of monoclonal antibodies in the recombinant host cells. 
Review articles on recombinant expressioa in bacteria of DNA encoding the antibody inchide Skena a a!.. Cm. 
Opinion in Immunol , ^: 256-262 (1993) and PlQckthun, Imnnmol, Rewi 130 : 151-18S (1992). 

In a further embodanent, antibodies or antibody fiagmentscan be isolated from antibody phage libraries 
generated using the techniques described m McCafferty ef oiL, UfltUS* 552-554 (1990), using the proper 
antigen such as CD 1 1 a, CD 1 8, IgE, or HER-2 to select for a suitable antibody or andbody fiagment C lackson 
ei oiL, IllfiOUC 222: 624-62S (1991) and Marks er dL, J. Moi. Biol.. 222: 581-597 (1991) describe the isolation 
of murine and human antibodies, respectively, using phage libraries. Subsequent publications describe the 
production of high affinity (nM range) human antibodies by chain shuffling (Mark er a/., Bio/Technologv. 
779-7S3 [1992]), as well as combinatorial infection and in vivo recombinatioii as a strategy for constructing very 
large phage blsraries (Waterhouse et al., Nuc. Acids. Res.. 21: 2265-2266 [1993]). Thus, these techniques are 
viable alternatives to traditional monoclonal antibody hybndoma techniques for isolation of "monoclonal** 
antibodies. 

The DNA also m^ be modified, for example, by substhuting the coding sequence for human heavy- 
and light-chain constant domains m place of the homologous murine sequences (Cabilly et al^ supra; Morrison, 
^ ^ Proc. Nat Acad, Sci,. SI: 6851 [1984]X or by covalently joining to the immunoglobulin coding sequence 
all orpart of the coding sequence for a non-immunoglobulm polypeptide. 

Typically such non-immunoglobulin polypeptides are substituted for the constant domains of an 
antibody* or they are substituted for the variable domains of one antigen-combining site of an antibody to create 
a chimeric bivalent antibody ccxnprising one antigen-OHnbining site having specificity for an antigen and another 
antigen-c<Mnbintng she having specificity for a diffierent amigen. 

Chimeric or hybrid antibodies also may be prepared in vitro using known meduxls in synthetic protein 
chemisoy, including those invoWing crosslinkxng agents. For example, immunotoxins may be constructed using 
a disulfide-exchange reaction or by forming a thioether bond. Examples of suitable reagents for diis purpose 
include iminothwlate and methyM-roercaptobutyrimidate. 

Fot diagnostic applications, the variants herein derived from antibodies typically will be labeled with 
a detectable nK>iet>\ The detectable moiety can be any one which is capable of producing, either directly or 
indirectly, a detectable signal. For example, Ae detectable moiety may be a radioisotope, such as ^H, '^C, ^^P. 
'^S, or '^1; a fluorescent or chemilummescent compound, such as fluorescein isothiocyanate, rhodamine* or 
lucifcrin: radioactive isotopic labels, such as, eg., '^I, ^^P, "C, or ^; or an ena^e, such as alkaline 
phosphatase, beta-galactosidase, or horseradish peroxkbse. 

Any method known in the art for separately conjugatmg the polypeptkk variam to the detectable moiety 
may be employed, including those methods described by Hunter et al,, Namre. 144 : 945 (1962); David et a/.. 
Biochemistry. 13: 1014 (1974): Pain gfoA, J. Immunol Mgrh 40- ?1Q no«1 V and Nvgren. J. Histochcm. and 
Cvtochem.. ^: 407 (1982). 
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(iv) Hummi2fed and human antihndi^ 

Methods for humania^g non-human antibodies are well kn wn in die art Generally, a humanized 
antibody has one or moceamin acid residues inmxhiced into it fiom a source viiich is non-human. 1^ 
human amino acid residues are often lefe ned to as "impoif residues, which are typically taken from an "tmpot" 
variable donain. HumaniTaffoo can be essentially performed following the method of Winter and co-workers 
(J<mes e/ a/.. Jjam» 321: 522-525 [1986]; Riechmann ei aL, UsDSfi, 222: 323-327 [1988]; Verfooeyen et ai., 
ScifiQfifi, 222: 1534-1536 [1988]), by substiniting lodent CDRs or CDR sequences for the corre^nding 
sequences of a human antibody. Accordingly, such Inrnianized" antibodies are chimeric antibodies (Cabilly et 
al,, supra\ wherein substantially less than an intact human variable domain has been substituted by the 
cofTcspondlng sequence from a non-human specks. In practice, humanized antibodies are typically human 
antibodies in which some CDR residues and possibly some FR residues are substituted by residues from 
analogous sites in rodent antibodies. 

The choice of human variable domains, both light and heavy, to be used in making the humanized 
antibodies is very importam to reduce antigenkity. According to the so-called "best-fit" method, the sequence 
of the variable domain of a rodent anobody is screened against the entire library of known human variable- 
domain sequences. The human sequence which is closest to that of the rodent is then accepted as the human 
framework (FR) fw the humanized antibody (Sims et ai., J. Immunol.. 121: 2296 [1993]; Chodiia and Lesk, L 
MqL BioL196:00l [1987]). Anodser medxKl uses a particular framework derived from the omsensus sequence 
of all human antibodies of a particular subgroup of light or heavy chaiiis. The same ftamew<Hk may be used for 
several diiferent humanized antibodies (Carter er at, Proc. Natl Acad. Sci. USA ffi: 4285 [1992]; Piesta et ai.. 
UmnmfiLm: 2623(1993]). 

It is iitither important that antibodies be humanized with reteotira of high affinity for the antigen and 
other favorable biological properties. To achieve tilts goal, according to a preferred method humanized 
antibodies are prepared by a process of analysis of the parental sequences and various conceptual humanized 
products using three-dimensional models of die parental and humanized sequences. Three-dtmensiona] 
immunoglobulin models are commonly avaikible and are ftmiliar to those skilled in the art. Computer programs 
are available which illustrate and display probable three-dimensional conformational structures of selected 
candidate immunoglobulin sequences, hispection of diese displays permits analysis of the likely role of the 
residues in the fimcdoning of the candidate immunogk)buiin sequence, ie., the analysis of residues that influence 
the ability of the candidate immunoglobulin to bind its antigen, hi this way, FR residues can be selected and 
combined from die consensus and import sequences so that the desired antibody characterisdc,sich as increased 
affinity for die target antigen(s), is achieved, bi general, the CDR residues are directly and most substantially 
invoked in mfluencing antigen binding. 

Alternatively, it is now possible to produce transgenic animals (e.^., mice) that are capable, upon 
immunization, of iHoducing a full repertoire of human antibodies in the absence of endogenous immunoglobulin 
productkm. For example, it has been described dnt the homoa^gous deletion of die antftxxiy heavy-chain joining 
regicm (J^) gene in chimeric and genn-line mutant mice results in complete inhibition of endogenous antibody 
production. Transfer of the human germ-line immunoglobulm gene array in such germ-lme mutant mice will 
result in die production of human antibodies upon antigen diallenge. See, e.g., Jakobovits et aL, Proc. NatK 
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Acad SciUSA. 2Q: 2551-255 (1993); Jakobovits et aL, iSk 255-256 (1993); Bruggenxiazin er aL, Yestr 
ialm&Ufflfi»Z:33(l993). Hununamibodia can also be produced in phages 
Winter, J. Mot. Biol.. 222: 381 [1991]; Marks et aL, J. Mol. Biol.. 222: 581 [1991]). 

(v) BigpccificmiiTiato 

Bispecific antibodies (BsAbs) are antibodies that have binding specificities fM^ at least two different 
antigens. Bispecific antibodies can be derived from full length antibodies or antibody fragments (e.g. F(ab*)2 
bispecific antibodies). 

Me&ods for making bispecific antibodies are known in the art Traditional production of full length 
bispecific antibodies is based on the coe^qmssion of two tnununogksbulin heavy chain-light chain pairs, where 
the two chains have different specificities (Millstein and CueDo« Namrc. 305 : 537-539 [1983]). Because of the 
random assortment of inununogtobulin heavy and light dsains, these hybridomas (quadromas) produce a potential 
mixdire of 10 diffierent antibody molecules, of which only one has the correct bispecific structure. Purification 
of the correct molecule, which is uanlly done by affinity chromatogn^y steps, is rather cumbersome, and the 
product yields are low. Similar procedures are disclosed in WO 93/08829, published 13 May 1993. and in 
Traunccker e/ aL, EMBSLL ISt 3655-3659 (1991). 

According to a different and more preferred approach, antibody variable domains with the desired 
binding ^)ecificities (antibody-antigen combining sites) are fiised to immunogk>bultn constant domain sequences. 
The fusion prefisnbly is wi& an tmmuiK>globulin heavy chain constant domain, comprising at least part of the 
hinge, CH2« and CH3 regions. It is p re fe rred to have the first heavy-chain constant region (CHI) containing the 
site necessary for light chain binding, present in at least one of the fusions. DN As encoding the immunoglobulin 
heavy chain fusions and, if desired, the immunoglobulin light duun, are inserted into separate expression vectors, 
and are co-transfected into a suitable host organism. This provkies for great flexibility in adjusting the mutual 
proportions of the three polypeptide fragments in embodiments when unequal ratios of the three polypeptide 
chains used in the construction provide the optimum yields. It is, however, possible to insert the coding 
sequences for two or all three polypeptide chains in one expression vector when the expressron of at least two 
polypeptkle chains in equal ratios results in high yields or when the ratios are of no particular significance. 

In a preferred embodiment of this approach, the bispecific antibodies are composed of a hybrid 
immunogk>bulin heavy chain with a first binding specificity m one arm, and a hybrid immunoglobulin heavy 
chain-light chain pair (providing a second binding specificity) in the odier arm. It was found that Ihb asymmeoic 
structure focilitates the separation of the desired bispecific compound fiom unwanted immunoglobulin chain 
combinations, as the presence of an immunoglobulin light chain in only one half of the bispecific molecule 
provides for a fecile way of separadon. Tlus ap|m>ach is disclosed in WO 94/04690 published March 3, 1994. 
For further details of generating bispecific antibodies sec, for example, Suresh er a/., Methods m Enzvmologv. 
121:210(1986). 

Biqiecific antibodies inchide cross-lmked or **heteroconjugate'' antibodies. For example, one of the 
antibodies in the heteroconjugate can be coupled to avidin, the other to biodn. Such antibodies have, for 
example, been proposed to target immune system cells to unwanted cells (US Patent No. 4,676,980), and for 
treatment of HIV infection (WO 91/00360, WO 92/200373, and EP 03089). Heteroconjugate antibodies may 
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T ni'*<*^ v«"g cflnvgnimt emM^linking metfaods. Suhablc cross-linkmg agenU are wdl known in the art, 
and arc disclosed in US Patent No. 4,676,980, alcmg with a munbcr of ooss-lmking techniques. 

Techniques for geneiating Irispecific antibodies from antibody fragments have also been described in 
the literature. For exampk, bi^fic antibodies can be prq»red using diemical lin^ Brcnnancfo^. 
5 Spi«ce. 222: 81 (1985) describe a procedure wherein intaa antibodies are proteolytically cleaved to generate 
F{ab72 ftagments. Tbese fragments are reduced in Ae presence of the dithiol completing age^ 
to stabilize vicinal dithiols and prevent intermolecular disulfide formation. Hie Fab* fragments generated are 
then converted to thionitrobenzoaie (TNB) dcrivadves. One of the Fab*-TNB derivatives is then reconverted to 
die Fab'-thtol by reduction with mcrcairtoelhylamine and b mbccd witib an equimolar amount of the other Fab*- 
10 TNB derivative to fomi the BsAb. TTieBsAbs produced can be used as agents for the selective immobilization 
of enzymes. 

Recent progress has facilitated the direa recovery of Fab'-SH fragments from £. eolL which can be 
chemkally coupled to form bispccific antibodies. Shalaby et aL, J &p. Med.. Ul' 217-225 (1992^ describe 
die production of a fiilly humanized BsAb F(ab72 molecule. Each Fab' fragment was separately secreted from 

15 £co/i and subjected to directed chemical coupling inviirot^ TTie BsAb thus formed was able 

to bind to cells overexpressing the HER2 receptor and normal human T cells, as well as trigger the lytic activity 
ofhuman cytotoxic lymphocytes against human breast wmor targets. See also Rodrigues et al., Inti f . CanCCTS. 
(Suppl.) 2: 45-50 (1992). 

Various techniques for makmg and isotetmg BsAb fragments directly from recombinant cell culture 

20 have also been described. For example, bispecific ¥(sh% hetcrodimers have been produced using leucine 
zippers, KosttbiyetaL^UmmiLmiS): 1547-1553(1992). Tlic leucine zipper peptides from the Fos and 
Jun proteins were linked to the Fab' portions of two differem antibodies by gene fusion. The antibody 
homodimers were reduced at the hinge region to form monomers and then re-oxidized to form the antibody 
heterodimers. The "diabody** technology desoribed by Hollinger et al.. Pmc Natl. Acad. Sci. OJSAl SQ: 6444- 

25 6448 ( 1 993) has provided an alternative mechanism for maiung BsAb fragments. The fragments comiaise a 
heavy-chain variable dom ain (Vh) connected to a light-chain variable domain (Vl) by a 1 inker wh ich is too dion 
to allow pairing between the two domains on the same chain. Accordingly, the Vj, and domains of one 
fragmem are forced to pair whh the complementary V|, and V„ domains of another fragment, thereby formmg 
two antigen-binding sites. Another strategy for making BsAb fragments by the use of single-chain Fv (sFv) 

30 dimers has also been reported. See Gruberer a/., IJtamumflL 152: 5368(1994). These rc»arehcrs designed 
an antibody which comprised die Vh and V|, domains of a first antibody joined by a 25-amino-acid-residue linker 
to the Vh and domains of a second antibody. The refolded molecule bound to fluor^cein and the T- cell 
receptor and redirected the lysis ofhuman tumor cells that had fluorescein covalently linked to their surfoce. 

5. I r«^nfAfitihndv Variants 

35 Variant antibodies are useful in diagnostic assays for an antigen of interest, e.g., its production in 

specific cells, tissues, or senun. The variam antibodies are labeled in the same fashion as described above and/or 
are immobilized on an insoluble matrix. In one embodiment of an antigen-binding assay, an antibody 
composition that binds to the antigen is immobilized on an insoluble matrix, the test sample is contacted with 
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die imm biiized wiant antibody composition to adsoib the uttigeQ, and then tfa inunobilized antigen is 
contacted widi variant antibodies specific for the antigen, as determined by unique labels such as discrete 
flu(Ht^o« or the like. By determining the piesenoe and/or amount feacfa unique label the relative proportion 
aiul amount f the antigen can be dctennined. 

Tbe variant antibodies of Ais invention are also useful in passively immunizing patients. 

The variant antibodies also are useful for the affinity purification of an antigen of interest from 
recombinant cell culture or natural sources. 

Suitable diagnostic assays for an antigen and its variant antibodies are weU known Inaddition 
to the bioassays described in the examples below wherein the candidate variant is tested to see if it has 
^ipropriate biological actho^ and increased half-life, competitive, sandwich and steric inhibition immunoassay 
techniques are useful. The competitive and sandwich mediods empksy a phase-separation step as an integral part 
of the method while steric inhibition assays are conducted in a single reaction mixture. Fundamentally, die same 
procedures are used for the assay of the antigen and for substances diat bind the antigen, although certain 
methods will be ftvored depending upon the molecular weight of the substance being assayed. Therefore, the 
substance to be tested is referred to herein as an analyte, iiTe^)ective of its status otherwise as an antigen or 
variant antibody, and proteins that bind to the analyte are dmominated binding partners, whether they be 
antibodies, cell-surftce receptors, or antigens. 

Analytical methods for the antigen or its variant antibodies all use one or more of the following 
reagents: labeled aoalyte analogue, immobilized analyte analogue, labeled binding parmer, immobilized binding 
partner, and steric conjugates. The labeled reagents also are known as "tracers." 

Immobilization of reagents is required for certain assay methods. Immobilization entails separating the 
binding parmer from any analyte that remains free in sohition, TTsis conventionally is accomplished by either 
insolubilizing the binding paitner or analyte analogue before ttie assay procedure, as by adsorption to a water* 
insohible matrix or surfece (Bennich ef al., VS. Patent No. 3,720,760), by covalent coupling (for example, using 
glutaraldehyde cross-linking), or by insolubilizing die partner or anatogue afterward, eg., by 
immimoprecipitation. 

Other assay methods, known as competitive or sandwich assays, are well established and widely used 
in the commercial diagnostics industry. 

Competitive assays rely on the ability of a traca anak>gue to compete widi die test sample analyte for 
a limited number of binding shes on a coomum bmding parmer. The binding partner generally is insolubilized 
before or after the competition and then die tracer and analyte bound to the binding parmer are separated from 
die unbound tracer and analyte. Tliis separation is accmplished by decanting (where the binding partner was 
prcinsolubilized) w by ccntrifiiging (where die binding pamier was prec^iiated after die competitive reaaion). 
The amoum of test sample analyte is inversely proportional to die amount of bound tracer as measured by die 
amount of marker subaance. Dose-re^xmse curves widi known amounts of analyte are prepared and compared 
wxdi the test results to quantitatively determine the amount of analyte present in the test sample. These assays 
are called ELISA systems when enzymes are used as die detectable markers. 

Anodier species f competitive assay, called a "homogeneous" assay, does not require a phase 
separation. Here, a conjugate of an enzyme widi die analyte is prepared and used such that when anti-analyte 
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binds to the analytetiie presence ftheaDti-^nalyie modifies the en^nie activity. In this case, the antigen or its 
hnmunologically active fragments are conjugated with a bifunctional organic bridge to an enzyme such as 
peroxidase. Onijugates are selected for use with anti-polypqitide so tat binding of the anti-polypeptide inhibits 
or potentiates the en^eactivi^ of the label This method per is widely prectioed under the name of EMIT. 
5 Steric conjugates are used in steric hindrance methods for homogoieous assay. Hiese conjugates are 

syndiesized by covalently linking a low-molecular-weight hapten to a small analyte so that antibody to hapten 
substantially is unable to bmd the conjugate at itt same time as anti-anaiyte. Under this assay procedure the 
analyte present in tiie test sample will bind anti-analyte, thereby allowing anti*hapten to bind the conjugate, 
resuhing in a change in the character of the conjugate hapten, eg. , a change in fluorescence when the hapten is 
10 afluorophm. 

Sandwich assays particularly are useful for the determination of polypeptide variants or polyp^tide 
variant antibodies. In sequential sandwich assays an immobilized binding partner is used to adsorb test sample 
analyte, the ttst sample is removed as washing, the bound analyte is used to adsorb labeled binding partaer. 
and bound material is then separated from residual tracer. The amount of bound tracer is directly proportional 
15 to test sample analyte. In "simultaneous** sandwich assays the test sample is not separated befne adding the 
labeled binding partner. A sequential sandwich assay using a monoclonal antibody as one antibody and a 
polyclonal antibody as the other is useful in testing samples for antigen activity. 

The foregoing are merely exemplary diagnostic assays for the polypeptide variant and variant 
antibodies. Other methods now or hereafter developed for the determination of these analytes are included within 
20 tfie scope hereof, inchidtng the bioassays described above. 

The following examples are offered by w^ of ilhistration and not by way of limitation. The disclosures 
of all ciuoions in the specification are expressly mcorporated herein by reference. 

EXAMPLE! 

METHODS 

25 PlaanidCQHStnigtion 

The template plasmid, pH52, used for constructing die Fabs (hereafter referred to as Fab) employed in 
this example was derived from the plasmid pB0475 described by Cunningham et al^ Science 243 : 1S30-1336 
(1989). Two Bamm sites flanking the Fl origm were removed from pB0475 and DN A coding for anti-CD 1 8 
Fab H52, version OZ (Eigenbiot ef dl, IkQ3SiD& 18: 49^2 [1994]) was substimted for DNA coding for human 
3 0 growth hormone using the £coRV and ^hl sites. Hence, pH52 contains DNA coding for anti-CDl S Fab H52 
(version OZ), the STU signal peptides of the light and heavy cham, the alkaline i^ospbatase prcmioter region, 
an M13 helper phage regk)n. and ampicillin-resistance. Fab variants were constructed by Kunkel mutagenesis 
(Kunkel. Proc. Natl Acad Sd. IV^ x n- 488^92 [1985]) of pH52 using the following oligonucleotides: 

oligo VI A 5* GTGACCGTGCCTCACCAGAGCTTGCGCAC3' (SEQ ID NO: 12) 
35 changes Serl95.Scrl96 to Hisl95-GtoI96 

oligo VIB 5'TGGCACCCTCCCCTAAGAACTCGAGCATGATCAGC- 
AACACACCGGCCCTGGGC3' (SEQ ID NO: 13) 



-43- 



W 960X478 



PCT/US9M4316 



diinges Serl27-Ser*Lys-Ser-71u'-Ser-Gly^ty-'nir-Alft-Alal39 (SEQ ID NO: 14) 
to Scrl27-PiD-Lys-AsiHScr-Scr-Met-ne-S€r-Asn-Thr-Pro-Alal39 (SEQ ID NO: 15) 

ligoVIC 5'TCGCACCCTCCAAATCGAGCATCACAGCGGCCXrn*(SEQIDN0: l€) 
changes Serl27-Scr-Lys-Scr-Tlu'-Scr-Gly-Gly-'nirl37 (SEQ ID NO: 17) 
5 to SerI27.Lys-Ser^-Ile-Thrl37 (SEQ ID NO: 18) 

oligoV2 S'TGGTGACCGTGATCTCGAGCCACTTGGGCCAGCAGACCrrAC^ 19) 
changes ValI93-Pn>.Ser-Ser-Ser-Uu-Gly-'nir-Gln203 (SEQ ID NO: 20) 
to Vall93-Ile-Ser-Ser-Hi5-Leu^iy^in-<iln203 (SEQ ID NO: 21) 

Amino acid residue numbers are according to the numbering system described in Kabat et al, supra, 
10 N!H Publ.Na-91-3242. VoL 1, pages 647^9 (1991). 

Fab vl incorporated oligos VIA and VIC: Fab vib incorporated oligos VIA and VIB; Fab v2 
incorporated oligoV2. Plasmids coding for Fab vK Fab vlb, and Fab v2 were selected and the DNA sequences 
checked using dideoxynucleotide sequencmg (Sequenase™ protocol United States Biochemical). F(ab*)2 
constructs were made by inserting DNA coding for the IgG 1 hinge region followed by a 'leucine zipper' at the 
15 C-terminus of the H52 heavy constant domain. The inserted amino acid sequence was: 

CPPa>APELLGGRMKQLEDKVEELLSKNYHLENEVARLKKLVGER (SEQ ID NO. 22). 

Another set of Fab versions is based on Fab vlb, ie. the variant which showed longer half life, using 
die following oligonucleotides: 

oligo VID 5* TCGAGCATGATCTCTAGAACACCGGCCC3* (SEQ ID NO: 23) 
20 changes Asn136 to Argl36 

oligo VIE 5' GCCTCACCAGAACCTAGGCACCAAGACCTACATCTG3' (SEQ ID NO: 24) 
changes Serl97 to Asnl97 and Gln203 to Lys203 

oligo VIF 5' GCCTCACX:AGAACrTAAGCGACGGAAAGACCrACATCTCC3' (SEQ ID NO: 25) 
changes Glnl96-Ser-Leu-G]y-'nu--Gln-Thr204 (SEQ ID NO: 26) 
25 to Gin 196-Asn-Leu*S^*Asp<jly-Lys-'nir204 (SEQ ID NO: 27) 

oligo VIG 5'GCCTCACCAGAATAmCAGATGGCAAGACCTACATC7GC3'(SEQ IDNO: 28) 
changes Gto 196.Ser-Leu-GIy-Thr-Gln*7lir204 (SEQ ID NO: 29) 
to Gbil96.Asn.Ile-Ser-Asp<}ly-Lys-'nir204 (SEQ ID NO: 30) 

Fab v3 incorporates oligo V ID; Fab v4 incorporates oligo VIE; Fab v5 incorporates oligo VIF; and Fab v6 
30 incorporates oligo VIG. 



-44- 



WO 96^2478 

ETfTTftlff^ nf PNA Eitcodmg the Variants 

For each variant, plasmid DN A was transformed into LcoH The transfonnants were Aen plated on 
Uma Broth (13) plates containingS ^g/taiLca^^ 

im)cul8tedmto5mLtLB + 5^gteLcarbcnka^ The 5-mL culture was Acn 

5 added to 500 mL APS minimal media in a 2-L baffled flask and gw^ 

APS minimal media is made as follows: Per I liter is added 1 5 g ghtcose (Sigma™ G-702 1), 22 g 
casamino acids technical (Difco™ 023 l-Ol-OX 03 g yeasi extract certified (Difco™ 0127^1.7), 0.19 g MgS04 
anhydrous or 0394 g MgSO4.7H20 (Sigma™ M2773X 1 .07 g ammonium chloride (Sigma™ A9434), 0.075g 
KCI (Sigma™ P5405). 4.09 g NaCl (Sigma™ S3014), 120.0 mL of IM tricdianolaminc pH 7.4, qs to 1.0 L 
10 Supcr-Q™ Water, as well as 1 M tricthanolaminc pH 7.4 consi^g of 133^1 mL tricthanolamine. Liquid 
(Sigma™ T1377) and 950 mL Super-Q™ Water, pH to 7.4 wift HQ (Maninckiodl™ 2612). qs to 1 .0 L Super- 
Q™ Water. This is fihcred through a 0. 1 junSealklecn™ filter and stored at 2.«*C. The expiration period is 

6 months. 

The cclU WTO spun in a 1 -L centrifuge bottle at 3000 rpm for 30 minutes, the supe^ 
15 and the pelleted cells were frozen for 1 hour. The pellet was resuspended in 10 mL of cold TE buffer ( 10 mM 
TRIS, 1 mM EDTA, pH 7.6) with 100 pL 0.1 M benzamidine (Sigma) added. The resuspended pellet was 
agitated on ice for 1 hour, spun at 1 8,000 rpm for 1 5 minutes, and the supernatant decanted and held on ice. 

Ibc supcmaiam was Aen passed over a Protein G-Sq>harose™ Fast Flow (Pharmacia) column [0.5 mL 
bed volume] previously equilibrated by passing 10 mL TE buffer through the column. The column was dien 
20 washed with 10 mL TE buffer, and die Fab eluted with 2^ mL 100 mM acetic acid, pH 2.8, mto a tube 
containing 0.5 mL TRIS, pH 8.0. The cluant was concentrated in a Centricon-30™ (Amicon) centrifuge to 0.5 
mU 2 mL phosphate-buffered saline was added to concentrated eluant, and the rcsuWng mbtture was re- 
concentrated to 0.5 mL. SDS-PAG£geb were nm to ascertain that protein had been produced. 
Annlvtiail Mgthfwk Used Touring Purific a tion Procedure of AntvCDI I/CD1 8 Fab Variants and FfflbL Antibodv 
25 Fraftngnt 

SDS polyacrylamide gel electrophoresis (SDS-PAGE) and two different high performance liquid 
chromatography (HPLC) methods were used to analyze the products obtained in each step of the purification 
process. The HPLC methocb used indude reverse- phase cfanxnau^raphy and cation-exchange chromatography, 
which were performed on a WATERS™ HPLC system. 

3 0 Reverae-phase diromatography was carried out on a reverse- jAase PLRP-S™ 4.6 x 50 mm column, 

8-mm particle sire (Polymer LabOTlories, Shropshire UKXma^ The proteins were eluted using 

an increasing linear gradient fiom 3 1% B to 41% B. Bufier A contained 0. 1 % trifluoroacctic acid in deionizcd 
water, and Buffer B contained 0.1% trifluoroacctic acid in HPLC-grade acetonitrile. The flow rate was 
maintained at 2 mL/min. and the protein profile was monitored at 214 nm. 

35 Analysis by cation-exchange d)rQmatogr^)hy was carried out <m a Bakerbond carfooxy-sulfon (CSX) 

50 x 4.6 mm column (J. T. Baker Phillipsburg, NJX maintained at 55»C. The proteins were eluted using an 
increasing linear gradient from pH 6.0 to pH 8.0 at a flow rate of 2 mUmin using a detecdm wavelength of 280 
nm. Buffer A contained 16 mM each of HEPES/PIPES/MES, pH 6.0, and Buffer B contained 16 mM each of 
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HEPES/PIP£S/MES,pH8.0.FortbesqMii«ti n fdiedififerm Fab variants, a iinw 
minfiom25%Bto56V«B. F(H'thesqMntxmoftheZipper.F(ab')2aDdF(ab')2^^ 
gradiem was nm fiom 40% B to ] 00% B in 22 miniites. 

SDS-PAGE analysis was canried out on precast Nov«^ Thcprotcins 
were stained using the Monrissey silver stain nietfaod MMrissev. Anal. Biochem . 117: 307-310 (iggf) 
PurificatiQn of Anti-CDl 1/Cni8 Fab Antibody Fnigmwit Mid FA V«innt* 

Tbe anti-CDl 1/0318 Fab antibody fragment and the different Fab variants wm isQlflti^ thf mr\r 
extraction and purification scheme. 
Extraction 

Frozen cell pellets (100 g ) were re-suspended at room temperature in 120 mM MES buffer, pH 6.0, 
containing 5 mMEDTA (5 ml ofbufSer per g of cell pellet) and completely disrupted by three passages dirough 
a microfluidizer (Microfluidics Corporation, Newton, MA). The homogenate was adjusted to 0^% (v/v) 
polycthyleneiminc (PEI) and the solid debris was removed by ccntrifiigation (7280 x g, 30 min, 4*^), 
ABX chromatography 

The supernatant comaining the antibody fragment was dihded to a conductivity of 2.5 mllltsiemens with 
purified water, filtered through a 022 micron filter (Supocap-SO™, Gebnan Sciences, Ann Arbor, Michigan), 
and then loaded mo a 1 .6 x 9 J cm Bakerbond ABX column (J. T. Baker, PhOlipsbuig, NJ) equilibrated in 50 
mMMES/5mMdisodhmiEDTA,pH 6.0 (Buffer A). The effluent was UV monitored at 280 nm. After loading, 
the cohmm was washed with Buffer A until the W trace reonned to basel^ Antibody fragments were eluted 
wtA a 20<ohmm- volume gradient from 0 to 1 00 mM ammcmium sul&te in buffer A. Fractions were analyzed 
on a cation*exchange cohmm as described in the Analytical Methods section above and pooled accordingly. 
SP Sepharose High Performance (^PHP\ Qimmamyrftphv 

llie ABX pool was diluted with water for injection (WFI) to a conductivhy ^ 
cmto a SPHP 1 .6 x 9.2 cm column (Pharmacia Biotech inc.. Piscataway, NJX equilibrated widi 25 mM MOPS 
buffer. pH 6.9. Separation was achieved by a 20-column.volume linear gradient from 0 to 200 mM sodium 
acetate in 25 mM MOPS buffer, pH 6.9. Fractions were analyzed by CSX HPLC and SDS-PAGE as described 
in the Analytical Mediods section above and pooled accordingly. 
Fmnulation 

The SPHP pools containing die antibody fragments were concentrated to 5 mg/mL using Amicon stir 
cells and YM 10 membiane fOlers (Amicon, bic. Beverty, MA). The purified and concentrated antibody samples 
were buffer-exchanged into phos|^iate bufier saline (PBS) by gel permeation cfaTomatognqihy on a Sephadex^ 
G25 (Pharmacia Biotech Inc. Piscataway^ NJ) column. 
Endotoxm Determinfltion* 

Endotoxin determinations were performed with the Liimdus amoebocyte lysate test (Associates of Cape 
Cod Inc., Woods Hole, MA). Samples ccmtaining less than 2 endotoxin units (£u) per mg of protein were used 
in the (rfiarmacokinetic studies. 
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Purificatipn of the Ami^CPl 1/CPl 8 T(A% AnfflHKlY famm 

Tlie FCab*), fragment was inidaUy purified by ABX chramatogn^ as a leucine zipper (Fab% variant 
[zipper-F(ab')2]. Tliis consOfuct was engineered by adding a leucine zipper domain after the htng region of the 
H52 heavy chain. After purification* the leucine zipper domain was cleaved by pepsin digestion after which ^e 
5 ¥(»b% was purified by SPHP and Phenyl Toyapear!™ chiomatogn^y as described below. 
Fjftmerion and ABX Chromfltograhhy of Ziiiner>Ffab'\^ Antibodv Fragment 

Extraction and ABX chromatogr^hy of the zipper*F(ab*)2 antibody fragment was carried out as 
described above for the Fab antibody fragment variants. 

Pepsin Digtttion gf Zippcr-ffabla Antibody Fragment 

10 The ABX-purifled Zipper-F(ab')3 was treated with pepsin to remove the leucine zipper portion of the 

molecule to yield dte FCab*) antibody fragment The ABX purified sample was omcentnted on Amicon stir cells 
to 5 mg/mL and then diluted 1:3.5 with 100 mM sodium citrate buffer, pH 3.S. To this solution, pepsin (1 
mg^) dissolved in 100 mM sodium citrate bttffier,pH3 J. was added ac a pepsin-l^^ After 
4 hours at room temperature, the mixture's pH was raised to pH 6.4 with 10% NaOH. 

15 SPHP Chromatography of Pepsm-Treated Zinper^FfabOf Antibodv Fragment 

Purification of the F(ab^ antibody fragment from tite leucine zipper domain and undesired antibody 
fragments was accomplished by SPHP chromatography as described above for the Fab antibody firagment 
variants. 

Phenyl Tovopcarl™ Chromatopaphv of SPHP^purified FfabOf Antibodv Fragment 
20 The SPHP-purified F(ab*)2 pool was made 1.5 M in ammonium sulfate by adding solid ammonium 

sulfate. The conditioned pool was dien loaded onto a Phenyl Toyopeari^ 650M (Tosohaas. Montgomeryville, 

PA) L6 X 10 cm colunw equilibrated witii U M ammouum sul&te» 50 mM sodium acetate, pH 5.4 (Buffer A). 
A 20-column-volume gradient was nmned from 70% Buffer A to 100% 0. 15 M ammonium sulfate in 50 mM 

sodium acetate, pH 5.4 (Buffer B). The fractions were analyzed by reverse phase and CSX HPLC and SDS- 
25 PAGE as described m the Analytical Methods section above. 

Formularion of Ffab'^j Antibodv Fragment and Rndotoym Measttrcmcnts 

Formulation of the purified F(ab')2 antibody fragment was perfonned as described above for the Fab 

antibody fragment variants. After endotoxin detenninatians, samples containing less than 2 Eu per mg of protein 

were used in the pharmacokinetic studies set forth below. 

30 PhOTiafflkingtic Study Anti-CPl 1/1 8 Constnactt in Mice after IntravCTOus Administration 

The objective of ^ single-dose ]^iannacdcinetic study of five humanized bttH52 anti-CD 1 8 antibody 
fragments (o)nstnicts) in mke was to detennme if non-specific clearance of antibody fragments is affected by 
alterations to amino acids in the constant domam. Serum samples were collected from male CDl mice ova* a 
24-h6ur period and human anti-CDl 8 serum concentraticHis were measured by ELISA. 
35 The anti-CDl 8 antibody fragments investigated were derived from £-co//-produced recombinant 

humanized monoclonal F^ antibody fragments as described above. The Fab fragment and the construct in 
which two Fab' subunits were j ined together by two disulfide bonds were investigated. Lastly, three new 



47 



W09M2478 



venkms of the original Fab were ccmstnicted by altering amm acids in the constant domain. See the Study 
Design table below for further description f the constructs. 

Hie construct antigen-biiiding sites are directed against the CD18 subunit of the CD11/CD18 
glycoprotein complex on the surface of leukocytes. These antibody fragments are chimpanzee and human* 
5 spedfk; Aenfore, the senim (diannaookinetic infonnation obtained in mice provides a description of the non- 
specific clearance of the fragments. 

Because linear phainiaccddDedcs were e>q)ected in this study, a sii^eKtee^ mg/kg was chosen rather 
than muhiple-dose levels. 



Study Design' 



Group 
Number 


Construct ID 


Construct DesuipUun 


1 


Fab 


Fab fragment alone 


2 


Double disulfide 


Two Fab' subunits joined with a double disulfide bond 


3 


Fabvl 


new version 1 ofthe original Fab constructed by altering amino 
acids in the constant domain 


4 


FabvlB 


new version IB ofdie original Fab constructed by altering 
amino acids in tiie constant domain 


5 


Fabv2 


new version 2 of the original Fab constructed by altering amino 
acids in the constant domain 



* Each groijp consisted of 20 male mice; each mouse received a 2 mg/kg dose. 



The phazmacokinedcs of the five antibody constructs were studied in male Crl:CD-]9 (ICR)BR 
VAF/Plus® mice (qyproximately 20-30 g). Five groups, each consisting of twenty mice, received an intravenous 

20 bolus dose of2 mg/kg via the tail vein. Blood samples were collected at 5 and 30 minutes, U2,4,8, 12, 16,20, 
and 24 hours post-dose. Serum was harvested and concentrations of the antibody fragments were determined 
in a MAC-] capture ELISA as follows: 

96-WeU microttter plates were coated overnight with murine anti-CDlS monoclonal antibody. After 
ovefni^ incubation at 4'' C, plates were washed three tinies widi EUSA wash buffer 

2 5 ELISA dihiem. ELISA wash buffer is phosphate-buffered saline (PBSyO.05% Polysorbate™ 20. This buffer 
b prepared per liter as SO mL 20 X PBS/1 .0% Polys(«foate™ 20 (a mixture obtained by dissolving 1 60 g NaCL 
4.0 g KCU 22.6 g NajHPO^, and 4.0 g ICH2PO4 in glass-distilled or deionized water, adding 10.0 mL 
Polysorbate™ 20 [Sigma™ P-1379 or equivalent], qs to 1000 mL, and sterile filtering using a 022 ^m or 
smaller filter), and qs to 1.0 L of distilled or deionized water, stored at ambient temperature. The expiration 

30 period is 2 weeks from the date of preparation. 

Hie ELISA dihient was PBS/0.5Vo BSAA).05% Polysorbate™ 20/0.01% Hiimerosal^/l mM CaClj/l 
mMMgCl> This dihiem was prepared per liter as 5.0 gboviiie serum albumin (Armour^ N0068 or eq^ 
SO mL 20 X PBS/LO% Polysorbate™ 20/0.2% Thimerosal™ (a mbcture obtained by dissolving 160 g NaCl, 
4.0 g KCL 22.6 g NaiHPOA, and 4.0 g KH2PO4 in glass-distilled r deionized water, and adding 10.0 mL 

35 PolysOTbate™ 20 [Sigma P-1379 or equivalent] and 2.0 g Thimerosal™ [Sigma T-S 125 or equivalent], qs to 
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1000 mL). 0.1% (v/v) 1 MCaCl2(Gencntech™A3165X0J%(v/v) 1 MMgCliCGencntcch™ A3167Xqsto 
LOLof disdlledordeionized water, and sU>Tedat2-8'C with ftec^^ I month from the date of 

preparation. 

After blocking, the plates were washed agam three times with ELISA wash huffier. Soluble MACl 
5 (CDl lh^CDlS as described by Bemian er ol, J- Cell Biochem.. 22: 183-195 [1993]) was then captured out of 
aoHicentrate of media, conditioned by CHO cells expressing the truncated CDl lb/CD18 heterodimer. After 
a 2-toir incubation period, die plates wen washed six times with EUSA wash buffo an^ 100 of the mouse 
sefum sample being tested or the standard containing die homologous recombinant human anti-CD 1 8 Fab were 
added. The mouse serum samples were first diluted 1/10 in ELISA diluent and dien a further 1/4 into sample 

10 dihient; 100 was taken from this initial 1/40 dilution. Sample diluent is 10% Swiss Webster Mouse serum 
in ELISA diluent Following a seccmd 2-hour incubadoo, the plates were again washed sbc times with 

ELISA wash buffer and 100 ^L of horseradish-peroxidase-conjugated F(ab')2 directed against a human Fab was 
added. After a I -hour incubation at ambient temperantre, the plates were washed witfi ELISA wash buffer as 
described above and 100 ^L of phosphate-buffered saline, pH 72, containing 22 mmol/L orthophenylene 

1 5 diamme (OPD) and 0.012% (v/v) hydrogen peroxide (HjQj) was added to each well. When color had ftiily 
developed, the reaction was storied with 100 hL per well of 4 J mol/L sulfuric acid Hie absorbance of the well 
contents was measured at 492 run minus 405 nm background absorbance using an automatic plate reader firom 
SLTLabinstruments. Data were reduced by using a fcur-paraiiieter, curve-fitting program based on an 
for least-squares estimadon of non-linear parameters. 

2 0 Serum concermation versus time data were analyzed utilizing a non-linear curve-fitting program and 

subsequent phannacokinetics parameters were esdmated. PAipgnio and Schumhakv. ADAPT II User's Guide. 
Biomedical Simulations Resource, University of Southern California, Los Angeles, Release 2, 1990. 

A two-compamnem model was used to characterize the serum concentration versus time data for the 
five groups. See Tabte 2 for prirnarynoodel parameters and calculated pharmacokinetic parameters. Thetwo- 

25 c ompar tment model fit is superimposed on tiie data and shown in Figures lAand IB. A data listing is provided 
in Table 3. The volume of the central compartment ^roximated the plasma volume for all groups. 
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Table 2 

Primary and Secondaiy Fhannaeokmetic Model Panuneter Estimsla Deteanined After Administration of 2 
mg/kg Constructs to Mice 



Group Number 


1 


2 


3 


4 


5 


Linker 


Fab 


Double S-S 


Fabvl 


FabvlB 


Fabv2 


Dose(mg/kg) 


2.0 


2.0 


2.0 


2.0 


2.0 


V,AV(mlAg)' 


44.7 


53.9 


51.7 


42J 


49.1 


K.Chr-')" 


4.22 


0.486 


335 


1.89 


3.86 




0.431 


0J81 


1^1 


4.01 


1.77 




1.40 


1.09 


\J2 


3.42 


1J3 


CUW 
(mL/b/kg)' 


189 


26 


173 


80 


190 


tia«(hr/ 


0.14 


0.37 


0.14 


0.08 


0.11 




ft 57 




0.84 


0.92 


0.83 


T (minY 


5.0 


5.0 


5 0 


5 ft 






34 


35 


28 


34 


26 


Co(ng/niLy 


39 


46 


39 


44 


39 


AUOdosc/W 

(hr*|ig/ 

mL)> 


93 


96 


12 


23 


10 


T(hr)' 


024 


2.1 


OJO 


0.53 


0.26 



* Volume of the central compartment as calculated from the equation V = dose/IS A^. 

K« is the rate constant associated with the elimination of material ftom the central compartment. 
' is die rate constant associated with the transfer of material from the central to a peripheral compartment. 
**Kpc is Ac rate constant associated with the transfer of material fi^ companmeni. 

* Weight-normalized serum clearance. 

^ t,^a and ti/3 P are the initial and terminal half-lives associated with each exponential phase. 
' Time of maximum observed concentration. 
^ Maximum observed concentrations. 

' Zero-time concentration estimated from die disposition funaion as 2 Aj. 
' Dose-normalized area under the serum concentration versus time curve. 
^ Permanence time. 
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10 



15 



20 



25 



Tables 

Data Listing: Concentratioa vs. time data for 2 mg/kg 

Concentraticm OtgAnL) 



humao anti-CDlS constructs/ 



Time 
(houn) 


Group 1 


GnMip2 


Groups 


Group4 


Group 5 


0.083 


28.12 


34.28 


26.1 


28.16 


25.16 


0.083 


33.89 


34.67 


28J8 


33.63 


26.39 


0.S 


4.84 


26.6 


4.67 


10.61 


4.25 


0.5 


5.17 


20.74 


5.83 


12.83 


4.21 


I 


0.91 


16.18 


2.1 


7.16 


1.95 


1 


1.09 


18.24 


2.13 


6.89 


1.54 


2 


0.16 


ILOl 


0.82 


3.71 


0.76 


2 


0.31 


12 


0.57 


4.9 


0.68 


4 


0.31 


636 


0.14 


0.91 


0.15 


4 


LTS** 


6.78 


0.14 


0.67 


0.12 


8 


LTS 


1.95 


LTS 


LTS 


LTS 


8 


LTS 


1.66 


LTS 


LTS 


LTS 


12 


LTS 


0.71 


LTS 


LTS 


LTS 


12 


LTS 


0.88 


LTS 


LTS 


LTS 


16 


LTS 


0.17 


LTS 


LTS 


LTS 


16 


LTS 


0.16 


LTS 


LTS 


LTS 


20 


LTS 


0.1 


LTS 


LTS 


LTS 


20 


LTS 


0.08 


LTS 


LTS 


LTS 


24 


LTS 


0.08 


LTS 


LTS 


LTS 


24 


LTS 


LTS 


LTS 


LTS 


LTS 



* Concentration data represent one sample per mouse. 

''LTS - Less than Ae sensitivity of the assay (0. 13 |ig/mL for groups 1 and 3-5; 0.06 jig/mL for group 2). 
B£SmJS 

The dau arc shown in Figures lA and IB, where Fig. lA shows the pharmacokinetics of all five 
3 0 consmicts over a time period of 0 to 5 hours, and Fig. 1 B shows ihe pharmacokinetics of all five constructs over 
a time period of 0 to 25 hours. The initial (or a-phase) ha]f*lives varied as did tfie terminal Oishase) half-Kves. 
The Fab v IB variant had a clearance of 80 mL/br/kg, which is about three-f Id hi^ier than that of the double- 
disuliide (Fab^. The Fab vl. Fab, and Fab v2 had approximately 3-fold greater clearance over the Fab vlB and 
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•born 6.fold greater clearance over the <toublc-^^ 189,and 190inUhr/kg.fespectiv ly). 

Tht effective molecular w^ght of the ongiiial Fab was 49 kD» and its clearance was 189 mL/hr/kg. 

The Fab verskms 1 . 1 B, and 2 aO have molecular weights similar to that of the original Fab, yet versicHi 

IB was cleared from the senmi 2-fokl more slowly. Thus, alterations of the amin acid sequence in the Fab 

constantdomainaffectclearance. TT» effect seen on betaijhase half-life shows AatwiA the tw^ 

variants 1 and 2, Acre wasadetectabic effect that was nmsuffWem to i^ 
time. 
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SBQUEtrCB LISTINO 
(1) 6EMERAL INFORMATION: 



(i) APPLICANT: Genentech, Inc. 



(ii) TITLE OP INVENTION: Altered Polypeptides with Increased Half-Life 
5 (iii) NUMBER OP SEQOENCBS: 31 



(iv) CORRSSPCNDSNCB ADDRESS: 

(A) ADDRESSEE: Genentech, Inc. 

(B) STREET: 460 Point San Bruno Blvd 

(C) CITY: South San Francisco 
10 (D) STATE: California 

(E) COUNTRY: USA 

(F) ZIP: 94080 



(V) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: 3.5 inch, 1.44 Mb floppy disk 
15 (B) COMPUTER: IBM PC conpatihle 

(C) OPERATING SYSTEM: PC-DOS/MS*DOS 

(D) SOFT»rAR£: HinPatin (Genentech) 



(vi) CURRENT APPLICATION DATA: 
(A) APPLICATION NUMBER: 
20 (B) FILING DATE: 

(C) CLASSIFICATION: 



(Viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: Lee, Wendy M. 

(B) REGISTRATION NUMBER: 00,000 

25 (C) REFERENCE/DOCKET NUMBER: P0932PCT 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 415/225-1994 

(B) TELEFAX: 415/952-9861 

(C) TELEX: 910/371-7168 



30 (2) INFORMATION FOR SBQ ID N0:1: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 amino acids 

(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 



35 (xi) SEQUENCE DESCRIPTION: SEQ ID N0:1: 

His Gin Asn Leu Ser Asp Gly Lys 
1 5 8 



(2) INFORMATION FOR SEQ ID N0:2: 

(i) SEQUENCE CHARACTERISTICS: 
40 (A) I£NGTK: 8 amino acids 

(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 
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(xi) SEQOBKCE DBSCRIPTTOM: SBQ ID 110:2: 

His Gin Asn He Ser Asp Gly Lys 
1 SB 

(2) INFORMATION FOR SEQ ID N0:3: 

5 (i) SEQX7EKCE C3SARACTERISTICS : 

(A) LENGTH: 11 amino acids 
{B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

10 Pro Lys Asn Ser Ser Met He Ser Asn Thr Pro 
1 5 10 11 

(2) INFORMATION FOR SEQ ID N0:4: 

(1) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 98 amino acids 
15 (B) nPE: Amino Acid 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser 
15 10 15 

20 Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys 

20 25 30 

Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala 
35 40 45 

Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu Gin Ser Ser 
25 50 55 60 

Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser Ser Ser 
65 70 75 

Leu Gly Thr Gin Thr Tyr lie Cys Asn Val Asn His Lys Pro Ser 
60 05 90 

30 Asn Thr Lys Val Asp Lys Arg Val 

95 98 

(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 98 amino acids 
35 (B) TYPE: Amino Acid 

(D) TOPOLOGY: Lixiear 

<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Cys Ser 
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15 10 15 

Ar9 Ser Thr Ser 61u Ser Thr Ala Ala Leu Gly Cys Leu Val Lys 
20 25 30 

Asp Tyr Phe Pro Glu Pr Val Thr Val Ser Trp Asn Ser Gly Ala 
5 35 40 45 

Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu Gin Ser Ser 
50 55 60 

Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser Ser Asn 
65 70 75 

10 Phe Gly Thr Gin Thr Tyr Thr Cys Asn Val Asp His Lys Pro Ser 

80 85 90 

Asn Thr Lys Val Asp Lys Thr Val 
95 98 

(2) IHFORMATION FOR SSQ ID N0:6: 

15 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 98 amino acids 

(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:6: 

20 Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Cys Ser 
1 5 . 10 15 

Arg Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys 
20 25 30 

Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala 
25 35 40 45 

Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu Gin Ser Ser 
50 55 60 

Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser Ser Ser 
65 70 75 

30 Leu Gly Thr Gin Thr Tyr Thr Cys Asn Val Asn His Lys Pro Ser 

80 65 . 90 

Asn Thr Lys Val Asp Lys Arg Val 
95 98 

(2) INFORMATION FOR SEQ ID NO: 7: 

35 (i) SEQUENCE CHARACTERISTICS: 

(A] LENGTH: 98 amino acids 

(B] TYPE: Amino Acid 
(D) TOPOLOGY: Linear 
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(xi) SISOVENCB DESCRIPTION: 5EQ ID NO; 7: 

Ala Ser Thr Lya Gly Pro Ser Val Phe Pro Leu Ala Pro Cys Ser 
15 10 15 

Arg Ser Thr Ser Glu Ser Thr Ala Ala Leu Gly Cys Leu Val Lys 
5 20 25 30 

Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala 
35 40 45 

Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu Gin Ser Ser 
50 55 60 

10 Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser Ser Ser 

65 70 75 

Leu Gly Thr Lys Thr Tyr Thr Cys Asn Val Asp His Lys Pro Ser 
80 85 90 

Asn Thr Lys Val Asp Lys Ar? Val 
15 95 96 

(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEC7UENCE CHARACTERISTICS: 

(A) LENGTH: 107 amino acids 

(B) TYPE: Amino Acid 
20 (D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:8: 

Arg Thr Val Ala Ala Pro Ser Val Phe He Phe Pro Pro Ser Asp 
1 5 10 15 

Glu Gin Leu Lys Ser Gly Thr Ala Ser Val Val Cys Leu Leu Asn 
25 20 25 30 

Asn Phe Tyr Pro Arg Glu Ala Lys Val Gin Trp Lys Val Asp Asn 
35 40 45 

Ala Leu Gin Ser Gly Asn Ser Oln Glu Ser Val Thr Glu Gin Asp 
50 55 60 

30 Ser Lys Asp Ser Thr Tyr Ser Leu Ser Ser Thr Leu Thr Leu Ser 

65 70 75 

Lys Ala Asp Tyr Glu Lys His Lys Val Tyr Ala Cys Glu Val Thr 
BO 85 90 

His Gin Gly Leu Ser Ser Pro Val Thr Lys Ser Phe Asn Arg Gly 
35 95 100 105 

Glu Cys 
107 

(2) INFORMATION FOR SEQ ID N0:9: 
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(i) SEQUENCE CHARACTERISTICS s 

(A) LENGTH: 105 amino acida 

(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

5 (Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

Gin Pro Lys Ala Ala Pro Ser Val Thr Leu Phe Pro Pro Ser Ser 
15 10 15 

Qlu Glu Leu Qln Ala Asn Lys Ala Thr Leu Val Cys Leu lie Ser 
20 25 30 

10 Asp Phe Tyr Pro Gly Ala Val Thr Val Ala Trp Lys Ala Asp Ser 

35 40 45 

Ser Pro Val Lys Ala Gly Val Glu Thr Thr Thr Pro Ser Lys Gin 
50 55 60 

Ser Asn Asn Lys Tyr Ala Ala Ser Ser Tyr Leu Ser Leu Thr Pro 
15 65 70 75 

Glu Gin Trp Lys Ser His Arg Ser Tyr Ser Cys Gin Val Thr His 
BO 85 90 

Glu Gly Ser Thr Val Glu Lys Thr Val Ala Pro Thr Glu Cys Ser 
95 100 105 

20 (2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 100 amino acids 

(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

25 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Pro 
15 10 15 

Lys Asn Ser Ser Met lie Ser Asn Thr Pro Ala I«eu Gly Cys Leu 
20 25 30 

30 Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser 

35 40 45 

Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu Gin 
50 55 60 

Set Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro His 
35 65 70 75 

Gin Ser X^u Gly Thr Gin Thr Tyr lie Cys Asn Val Asn His Lys 
80 85 90 

Pro Ser Asn Thr Lys Val Asp Lys Arg Val 
95 100 
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(2) INFORMATION FOR SEQ ID NO: 11: 
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{i} SEQUENCE CHARACTERISTICS: 

(A) IaBNGTH: 7 amino acids 

(B) TYPE: Amino Acid 
5 (D) TOPOLOGY: Linear 

(xi) SEQDBNCB DESCRIPTION: SEQ ID NO: 11: 

Hi6 Gin Ser Leu Gly Thr Gin 
1 5 7 

(2} INFORMATION FOR SEQ ID N0:12: 

10 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 

15 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 



GTGACCGTGC CTCACCAGAG CTTGGGCAC 29 

{2) INFORMATION FOR SEQ ID N0:13: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 53 base pairs 
20 (B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 



TGGCACCCTC CCCTAAGAAC TCGAGCATGA TCAGCAACAC ACCGGCCCTG 50 
25 GGC 53 

(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 11 amino acids 

(B) TYPE: Amino Acid 
30 (D) TOPOLOGY: Linear 

(xi) SEQX7ENCE DESCRIPTION: SEQ ID NO: 14: 

Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala 
1 5 10 11 

(2) INFORMATION FOR SEQ ID NO: 15: 

35 (i) SEQUENCE CHARACTERISTICS: 

(A) I«ENGTH: 13 amino acids 

(B) TYPE: Amino Acid 
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(D) TOPOLOGV: Linear 

(xi) SEQOEKCS DESCRIPTION: SSQ ID NO: 15: 

Ser Pro Lys Asn Ser Ser Net lie Ser Asn Thr Pre Ala 
1 5 10 13 

5 (2) INFORMATION FOR SEQ ID N0:16: 

(i) SEQtJBNCB CHARACTERISTICS: 

(A) LENGTH: 34 base pairs 

(B) TYPE: Nucleic Acid 

(C) S7RANDE0NESS : Single 
10 (D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 

TGGCACCCTC CAAATCGAGC ATCACAGCGG CCCT 34 

(2) INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS: 
15 (A) LENGTH: 9 amino acids 

(B) TYPE: Amino Acid 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 

Ser Ser Lys Ser Thr Ser Gly Gly Thr 
20 1 5 9 

(2) INFORMATION FOR SEQ ID N0:18: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 6 amino acids 

(B) TYPE: Amino Acid 
25 (D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 

Ser Lys Ser Ser lie Thr 
1 SB 

(2) INFORMATION FOR SEQ ID N0:19: 

30 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 44 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOcnf: Linear 

35 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 

TGGTGACCGT GATCTCGAGC CACTTGGGCC AGCAGACCTA CATC 44 
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(2) IMFORMITION FOR SBQ ID K0:20: 

(i) SEQUENCE CHARACTSRISTICS : 

(A) IiENGTH: 9 aimino acids 

(B) TYPE: Amin Acid 
5 (D) TOPOLOGY: Xiinear 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20: 

Val Pro Ser Ser Ser Leu Oly Thr Qln 
15 9 

(2) INFORMATION FOR SEQ ID ND:21: 

10 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 amino acids 

(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:21: 

15 val lie Ser Ser His Leu Gly Gin Gin 
15 9 

(2) INFORMATION FOR SEQ ID NO: 22: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 45 amino acids 
20 (B) TYPE: Amino Acid 

<D) TOPOLOGY: Linear 

(xi) SEQT3SNCE DESCRIPTION: SEQ ID NO: 22: 

Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Arg Met Lys 
1 5 10 15 

25 Gin Leu Glu Asp Lys Val Glu Glu Leu Leu Ser Lys Asn Tyr His 

20 25 30 

Leu Glu Asn Glu Val Ala Arg Leu Lys Lys Leu Val Gly Glu Arg 
35 40 45 

(2) INFORMATION FOR SEQ ID NO:23: 

30 (i) SEQUENCE CHARACTSRISTICS: 

(A) LENGTH: 28 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRANDSDNESS: Single 

(D) TOPOLOGY: Linear 

35 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 23: 



TCGAGCATGA TCTCTAGAAC ACCGGCCC 28 
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(i) SEQUBtlCB CHARACTERISTICS: 

(A) LENGTH: 36 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRAKDEDNESS: Single 
5 (D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 24: 



GCCTCACCAG AACCTAGGCA CCAA6ACCTA CATCT6 36 

(2) INFORMATION FOR SEQ ID NO:25: 

(i) SEQUENCE CHARACTERISTICS: 
10 (A) LENGTH: 40 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRAKDEDNESS: Single 

(D) TOPOLOGY: Linear 

<xi) SEQUENCE DESCRIPTIC»7 : SEQ ID NO:25: 

15 GCCTCACCAG AACTTAAGCG ACGGAAAGAC CTACATCTGC 40 
(2) INFORMATION FOR SEQ ID NO:26: 

(i) SEQUENCE CHARACTERISTICS: 

(A] LENGTH: 7 amino acids 

(B) TYPE: Amino Acid 
20 (D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26: 

Gin Ser Leu Gly Thr Gin Thr 
1 5 7 

(2) INFORMATION FOR SEQ ID N0:27: 

25 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 6 amino acids 

(B) TYPE: Amino Acid 
CD) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 27: 

30 Gin Asn Leu Ser Asp GXy Lys Thr 
1 5 8 

(2) INFORMATION FOR SEQ ID N0:28: 

(i) SEQUENCE CHARACTERISTICS: 
(A] LENGTH: 40 base pairs 
35 (B) TYPE: Nucleic Acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 28: 
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GCCTCACCAG AAT^ITTACAG ATG6CAAGAC CTACATCTGC 40 

(2) INFORMATION FOR SBQ ID N0:29: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTB: 7 amino acids 
5 (B) TYPE: Amino Acid 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:29: 

Gin ser Leu Gly Thr Gin Thr 
1 5 7 

10 (2) INFORMATION FOR SEQ ID NO: 30: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 amino acids 

(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

15 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 30: 

Gin Asn lie Ser Asp Gly Lys Thr 
1 5 8 

(2) INFORMATION FOR SEQ ID NO: 31: 

(i) SEQUENCE CHARACTERISTICS: 
20 (A) LENGTH: 8 amino acids 

(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:31: 

Val lie Ser Ser His Leu Gly Gin 
25 1 5 8 
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L A polypeptide VBriam of afwlypeptide of inters polypeptkleofmtertst is cleared firom 
th kidney and does not omtain a Fc region of an IgG, which variant comprises a salvage receptor binding 
epit^w of an Fc region of an IgG, and which variant has a longer m vivo half-lift than the polypeptide of interest 
S 2. The variant of claim 1 wherein the polypeptide of interest contains an Ig domain or Ig-like 

domain that is not a CH2 domam. 

3 . The variant of claim 2 wherein the ephope is contained within the Jg domain or Ig*like domain. 

4. The variamofclaim 3 wherein the Ig domam or Ig-like domain comprises a CHI domain. 

5. The variant of claim 3 wherein the qiitope is taken fiiHn one a*two loops of the Fc region and 
10 bansfetred to Ig domain or Ig-like domain. 

6. The variant of clahn 5 wherein die epitope is taken from the CH2 domain of the Fc region and 
transferred to the CHI, CH3, or Vh region, or more than one such region, of an Ig or to a Ig-like domain. 

7. The variamofclaim S wherein the epitope is takoi from the CH2 domain of the Fc region and 
transferred to the Cj. region or region, or both, of an Ig or to an Ig-like domain. 

15 8. The variam of claim 3 wherein the polypeptide of imerest is a Fab, a (Fdb% a diabody, a Fv 

fragment, a single-chain Fv fragment, or a receptor. 

9. The variant of claim 8 wherein the polypeptide of interest is an tFA-I antagonist 

10. The variam of claim 9 wherein the polypeptide of interest is a Fab or (Fab^ of an anti-LFA-I 

antibody. 

20 11. The valiant of claim 10 wherein fte polypeptide ofinterest is an anti^Dl 8 Fab or anti-CDl 8 

(FabTj. 

12. The variant of claim 1 1 that is human or humanized. 

13. The variant of claim 12 wherein ttte epitope comprises the sequence: PKNSSMISNTP (SEQ 
ID NO: 3). 

25 14. The variant of claim 13 further comprising die sequence HQSLGTQ (SEQ ID NO: 1 1 ). 

15. The variant of claim 1 3 further comprising the sequence HQNLSDGK (SEQ ID NO: I ). 

16. The variant of claim 13 further comprising the sequence HQNISDGK (SEQ ID NO: 2). 

1 7. The variant of claim 1 3 further comprising the sequence: VISSHLGQ (SEQ ID NO: 3 1 ). 

18. The variant of claim 1 wherein die epitope canprises the sequences: HQNLSDGK (SEQ ID 
30 NO: 1), HQNISDGK (SEQ ID NO: 2), HQSLGTQ (SEQ ID NO: 11). or VISSHLGQ (SEQ ID NO: 31) and 

PKNSSMISNTP (SEQ ID NO: 3). 

19. The variant of claim 18 wherein the epitope is fused to the polypeptide of interest. 

20. The variant of claim 19 wherein die polypeptide ofinterest is growdihonnone or nerve growth 



35 21. Nucleic acid encodmg the variant of claim 1. 

22. A r^licable vector comprismg the nucleic acid of chum 2 1 . 

23. A host cell comprising the nucleic acid of claim 2 1 . 
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24. A method fcr producing a polypeptide variant comprising cuhuring the host ceils of claim 23 
in a culture medium and recovering the variant from the host cell cuhure. 

25. The method of claim 24 wherein the variant is recovered frcmi the culture medium. 

26. A variant polypqptide that is not an Fc conqmsing the sequences: HQNLSDGK (SEQ ID NO: 
5 M HQNISDGK (SEQ ID NO: 2X or VISSHLGQ (SEQ ID NO: 31) and PKNSSMISNTP (SEQ ID NO: 3). 

27. A mediod for preparing a polypeptide variant cmprising ahering a polypqptide of mterest that 
is cleared from the kidney and does not contain an Fc region of an IgG so that it comprises a salvage receptor 
binding epitope of an Fc region of an IgG and has an increased in vivo half*life. 

28. Hie method of claim 27 wherein the ahexing step is conducted by site-directed, cassette, or 
10 PGR mutagenesis. 

29. A method for preparing a polypeptide variant having an increased ui vivo half-life comprising: 
(!) identifying the sequence and conformation of a salvage receptor binding epitope on an Fc 

region of an IgG molecule; 

(2) altering the sequence of a polypeptide of interest that is cleared from the kidney and does not 
15 contain an Fc region to include the sequence and conformation of the identified binding 

epitope; 

(3) testing the altered polypeptide of step (2) for longer in vivo half-life than that of the 
polypeptide of mterest; and 

(4) if the ahered polypeptide does not have a k>nger in vivo half-life, further altering the sequence 
20 of the polypeptide of mterest to include the sequence and conformation of the identifiied 

binding ephope and testing for longer in vivo half-life until longer in vivo half-life is obtained. 

30. A me&od for treating an LFA-l-mediated disorder cofnjnising administering to a mammal in 
need of such treatment an effective amount of the variam of claim 9. 

31. A method for treating an LFA-l-mediated disorder comprising administering to a patient in 
25 need of such treatment an effective amount of the variam of claim 12. 
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hlgGi Sequenc of human /g^l CHl domain 

hlg62 S guence of human I9G2 CHl domain 

hlg63 Sequence f human Ig63 CHl domain 

hlg64 Sequence of human IgG4 CHl domain 

humK Sequence of humem kappa CL domain 

humL Sequence of human lambda CL domain 

114 128 139 

i i i 

hlgGl ASTKGPSVPPLAPSSKSTSGGTAAL 
hIgG2 ASTKGPSVPPLAPCSRSTSESTAAL 
hIgG3 ASTKGPSVFPLAPCSRSTSGGTAAL 
hIgG4 ASTKGPSVPPLAPCSRSTSESTAAL 

108 122 131 

; i ^ 

humK RTVAAPSVFIPPPSDEQLKSGTASV 
humL QPKAAPSVTLFPPSSEELQANKATL 

FabCABvlb ASTKGPSVFPLAPSPKNS SMISN T P A L 
of interest P K N S SMISN T P 



most important *** 



hlgGl GCLVKDYFPEPVTVSWNSGALTS 

hIgG2 GCLVKDYFPEPVTVSWNSGALTS 

hIgG3 GCLVKDYFPEPVTVSWNSGALTS 

hIgG4 GCLVKDYFPEPVTVSWNSGALTS 

humK VCLLNNPYPREAKVQWKVDNALQ 
humL VCLISDPYPGAVTVAWKADSSPV 

FabCABvlb GCLVKDYFPEPVTVSWNSGALTS 

hlgGl GVHTFPAVLQSSG LYSLSSV 

hIgG2 GVHTFPAVLQSSG LYSLSSV 

RG 2a 
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hlg63 OVHTPPAVLQSSO LYSLSSV 

hlg64 6VKTPPAVLQSS6 LYSLSSV 

hunR S6NSQESVTBQ0SKDSTYSLSST 
hunL KA6VETTTPSKQSNN-KYAASSY 

FabCABvlb GVHTFPAVLQS86 LYSLSSV 







193 200 203 

; i i 


hlgGl 


V 


TVPSSSLGT-QTYICNVNHKPS 


hlg62 


V 


TVPSSNPGT-QTYTCNVDHKPS 


hl963 


V 


TVPSSSLGT-QTYTCNVNHKPS 


hlg04 


V 


TVPSSSLGT-KTYTCNVDHKPS 

181 190 
I i 


humK 


L 


TLSKADYEKHKVYACEVTHQGL 


hunL 


L 


SLTPEQHKSHRSYSCQVTHEGS 



FabCABvlb VTVPHQSLGT - QTYICNVNHKPS 
of interest HQNLSD6K 



most in^ortant 



* * * 



hlgGl NTKVDKRV - - - 

hIgG2 NTKVDKTV 

hIgG3 MTKVDKRV 

hIgG4 NTKVDKRV - - - 

humK SSPVTKSFNRGEC 

hiunL TVEKTVAPTECS 



FabCABvlb MTKVDKRV 
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Box 1 Obscmtms where eertaia daims were feuad imscwelMble (Coatiottatioo of item I of first sheet) 



ThU tMcrructoiul tcarch ftport hu not been estmbSbhed in rctpect of ccrtun dtinu under Arctde 1 7(2Xs) for the following rcasonc 

h rxlcUauNo.. 30-31 ^ . . 

bccsuse they rdaie lo subject raiuer not rck^uved to be icvched by this Authority, nimcty: 

Although claims 30-31 are directed to a method of treatment of the human/ 
animal body, the search has been carried out and based on the alleged 
effects of the compound/composition. 



□ 



Cltims Nosj 

u^,M^ they rdatc to par u of the mtcnnctonmi applkmtian Out do not comply wkh Che prescribed requtrcmenu to such 
in extent thst no mci^ngful intemationil swch can be carried out, spcoficaUy: 



□ 



Cisins Nosj 

because they are dependent claims and are ttoi drafted in accordance with the second and third sentences of Rule 6.4(&). 



Box II Observations where unity of tnvcntiott h lackiDg (CoDtiBualion of Hem 2 of first sheet) 



This {ntemational Searching Authority found multiple inventions in this international application, as foUows: 



U n As all required additional search fiees were ttmdy paid by the appticant. this intemauonal search report covers aU 
searchable cUams. 

2. \__\ As aU searchable daims could be searches without effort lustifying an additional fee, this Authority did not invite payment 
of any additional fee. 



3. rn As only some of the required ad£tional search fees were timely paid by the applicant, this international search report 
' — coven only those claims for which fees were paid, spcdficaUy daims Not: 



4. i I No required additional search fees weft luneiy paid by the appficant Consequently, this 
restricted to the invention first mentioned in the daims: it is covered by dahns Nos.: 



, this intemaiiond search report is 



Roiwfc M Protert The additional search fees were accompanied by the apphcaot's protest 

No protest accompanied the payment of additional search fees. 
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